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MTA  (datos en micras) 
Muestra 
Pre tratamiento Post tratamiento 
Pa=Ra Pq=RMS Pt=p.v Pa=Ra Pq=RMS Pt=p.v 
1 14,12 17,45 96,68 8,88 10,90 74,38 
2 6,41 8,23 65,52 9,84 12,33 69,77 
3 10,10 12,15 67,85 6,04 8,15 40,52 
4 10,60 13,49 75,89 6,34 8,41 48,18 
5 5,63 6,92 41,10 11,36 14,35 75,06 
6 3,21 4,11 34,60 9,59 11,20 72,58 
7 13,55 16,34 83,70 5,37 7,29 54,28 
8 7,03 8,46 48,14 7,84 10,62 70,31 
9 11,55 16,63 112,60 5,41 7,64 58,32 
10 6,55 8,24 49,65 5,80 7,00 41,35 
11 8,63 10,54 58,31 6,35 8,04 55,51 
12 6,99 9,16 61,37 11,52 13,54 96,07 
13 10,93 13,32 73,90 4,80 6,28 47,18 
14 10,71 13,23 54,15 6,19 7,74 49,43 
15 10,08 13,14 107,10 8,22 10,34 47,99 
16 13,12 15,56 55,02 17,82 21,44 107,10 
17 28,44 33,92 113,10 8,60 10,58 87,41 
18 5,24 6,84 77,81 27,78 35,85 232,00 
19 19,71 25,40 154,20 10,19 13,75 76,90 
20 9,81 13,15 83,58 7,57 10,42 67,90 
21 6,28 8,62 68,62 15,54 17,92 82,05 
22 20,64 23,73 101,90 5,97 7,42 54,78 
23 5,54 6,89 45,67 7,03 8,45 52,25 







25 11,63 13,99 65,83 5,13 6,61 44,30 
26 4,81 5,99 39,25 4,16 5,42 43,39 
27 4,84 6,17 45,70 6,37 7,97 52,76 
28 6,82 8,27 50,32 8,45 10,19 52,37 
29 19,08 25,03 168,00 4,37 5,55 54,40 
30 5,66 7,06 39,63 4,72 5,92 38,41 
31 4,79 6,07 46,45 4,57 5,67 39,20 
32 5,63 7,45 53,39 6,03 7,61 45,78 
33 4,16 5,22 35,58 35,75 42,04 202,50 
34 36,06 44,48 223,30 7,19 13,16 123,10 
35 7,31 8,70 45,38 3,06 4,40 38,90 
36 3,57 4,79 63,00 9,50 14,28 95,26 
37 7,37 11,74 91,75 22,97 26,86 142,10 
38 5,30 6,84 64,18 4,87 6,17 40,86 
39 4,87 6,06 36,99 18,30 21,94 154,10 
40 6,47 8,68 61,19 4,94 6,16 41,04 
41 5,08 6,41 44,75 7,33 8,54 49,58 
42 11,09 12,90 67,00 4,85 6,01 39,68 
43 6,53 8,89 62,52 4,47 5,63 39,39 
44 5,97 7,39 41,61 2,29 2,90 21,45 
45 3,03 3,80 25,02 17,71 21,08 115,40 
46 19,98 24,35 111,20 7,54 9,41 57,36 
47 7,61 9,57 56,04 23,06 27,22 128,10 
48 22,59 27,25 145,80 7,01 8,84 67,63 
49 21,88 32,95 173,10 18,15 22,10 109,90 
50 40,04 50,15 221,30 27,19 33,97 169,20 
51 5,11 6,51 46,61 6,07 7,41 35,78 
52 6,19 9,89 76,96 6,64 8,30 53,17 
53 7,09 8,67 59,83 22,09 25,71 120,20 
54 21,87 26,96 151,50 7,65 9,14 51,18 
55 6,04 7,49 42,62 9,02 11,31 58,86 
56 7,98 9,92 62,57 4,52 5,77 34,65 
57 4,59 5,76 39,08 24,97 30,30 163,40 
58 33,88 40,46 153,40 5,90 6,94 45,31 
59 31,47 40,82 182,60 6,18 7,72 47,77 
60 5,36 6,84 41,51 5,34 6,88 59,25 
61 6,20 7,61 59,18 6,56 7,96 41,76 
62 11,33 13,36 64,67 8,34 10,31 46,83 
63 14,15 17,90 62,27 5,73 7,84 68,51 
64 3,62 4,83 59,49 6,63 8,75 64,25 
65 7,58 9,64 68,29 13,13 15,66 75,46 
66 17,47 20,15 95,63 19,83 20,90 51,87 
67 10,47 12,70 69,90 7,27 9,30 93,85 
68 5,09 6,63 48,57 9,35 11,18 58,70 
69 7,89 9,95 109,40 10,71 12,88 69,77 
70 9,31 11,06 56,54 5,23 6,46 42,04 







72 8,69 9,89 63,78 7,57 9,33 52,90 
73 12,69 14,75 104,50 14,48 16,63 82,12 
74 10,27 11,40 51,30 10,46 12,65 78,44 
75 11,24 13,60 73,06 13,24 15,51 55,59 
76 7,83 9,14 44,99 10,41 14,04 95,79 
77 9,93 13,32 108,50 10,20 11,95 59,31 
78 6,59 8,50 55,01 4,92 5,93 32,18 
79 7,18 8,80 48,81 4,61 6,05 53,60 
80 6,16 12,17 91,16 8,55 10,90 69,99 
81 6,63 8,30 58,31 24,92 33,15 148,60 
82 22,30 30,58 144,70 10,30 12,28 87,11 
83 11,18 13,76 71,10 7,75 9,40 60,65 
84 23,26 26,27 121,10 15,49 18,56 107,40 
85 9,46 11,71 69,99 6,38 10,18 73,74 
86 11,82 16,79 95,31 6,25 7,84 50,10 
87 6,56 8,34 48,87 8,50 14,30 87,98 
88 14,52 18,80 105,10 8,50 14,81 76,32 
89 10,47 14,07 70,88 12,92 15,12 75,05 
90 16,50 24,16 201,40 6,15 7,71 45,16 
91 13,40 16,03 141,20 19,53 22,10 90,53 
92 6,14 7,55 67,90 9,86 12,43 45,54 
93 15,30 17,36 105,90 3,12 3,96 32,07 
94 3,02 3,83 30,83 13,98 15,77 89,03 
95 20,97 28,55 115,50 8,77 10,48 45,06 
96 6,49 8,02 49,85 10,82 13,25 65,64 
97 7,99 10,27 67,42 9,59 12,16 66,74 
98 8,18 10,20 59,00 8,03 10,68 51,50 
99 7,65 8,93 36,43 7,64 9,38 53,65 
100 12,00 13,80 45,79 7,16 9,33 69,63 
101 5,72 7,39 47,12 7,83 10,16 70,67 
102 8,28 10,96 64,87 9,43 11,60 68,24 
103 12,60 15,00 81,43 7,61 9,19 84,81 
104 7,06 9,80 81,98 9,23 11,67 45,36 









CP (datos en micras) 
Muestra 
Pre tratamiento Post tratamiento 
Pa=Ra Pq=RMS Pt=p.v Pa=Ra Pq=RMS Pt=p.v 
1 5,35 7,51 69,50 21,58 24,93 118,50 
2 13,23 16,59 147,60 69,81 82,69 364,90 
3 12,24 15,85 83,91 58,44 62,82 176,70 
4 11,24 13,52 56,65 29,43 35,84 177,20 
5 18,68 23,68 172,60 19,20 23,89 158,90 
6 16,60 21,84 123,00 22,73 30,92 170,30 
7 13,65 16,82 90,38 14,66 17,32 135,90 
8 14,53 17,27 95,98 14,35 16,98 136,30 
9 15,14 17,92 90,59 10,02 12,70 64,42 
10 10,56 13,08 75,52 14,09 16,84 92,34 
11 5,33 7,23 82,36 9,24 11,40 67,05 
12 10,13 12,15 49,53 5,99 8,14 59,07 
13 10,47 12,76 77,29 10,22 12,59 78,35 
14 6,46 8,15 58,21 8,07 9,75 50,60 
15 6,55 8,29 54,76 16,24 19,56 101,10 
16 15,76 19,04 100,90 14,57 17,12 75,31 
17 13,96 17,00 77,74 6,39 7,96 55,45 
18 7,09 8,79 62,33 9,23 12,00 95,55 
19 6,69 8,80 84,08 6,79 9,86 92,51 
20 5,23 6,51 56,05 9,09 11,50 66,94 
21 8,25 9,81 59,85 9,41 11,35 114,90 
22 3,45 5,82 97,61 4,73 6,10 62,49 
23 12,53 15,29 92,80 20,75 24,73 165,10 
24 31,68 38,57 198,10 16,65 20,08 108,90 
25 12,50 15,20 90,42 9,47 11,64 73,61 
26 8,95 10,22 46,22 5,61 7,10 43,91 
27 11,08 13,83 105,80 14,36 17,55 111,80 
28 ? ? ? 7,51 8,98 50,96 
29 12,18 14,23 76,95 3,07 4,11 98,15 
30 1,99 2,45 20,18 34,57 39,79 105,00 
31 6,54 8,19 52,94 12,16 14,38 71,79 
32 12,36 16,12 108,70 4,96 6,32 40,57 
33 3,76 4,57 33,32 21,19 24,41 106,40 
34 10,28 11,95 60,97 86,03 88,48 130,20 
35 8,42 11,04 101,90 25,35 26,74 68,12 
36 10,16 12,28 63,36 13,65 18,24 76,25 
37 12,31 14,80 92,57 10,56 13,11 80,53 
38 7,95 9,85 68,67 6,92 8,24 51,40 
39 7,91 10,47 59,58 11,40 13,32 62,72 
40 19,61 20,46 44,09 13,71 15,79 65,45 







42 13,98 18,61 119,50 22,95 23,12 28,86 
43 24,54 28,83 89,33 14,10 14,65 30,66 
44 3,12 4,08 30,65 13,40 17,58 69,36 
45 10,23 13,22 68,34 18,92 22,44 82,67 
46 12,21 15,08 92,04 7,99 10,52 78,56 
47 16,42 20,56 129,90 24,15 25,18 44,88 
48 6,34 8,06 54,14 14,57 18,10 125,40 
49 18,00 20,66 89,36 10,45 12,72 49,85 
50 10,45 13,53 74,84 4,45 6,20 39,75 
51 4,91 5,94 35,06 17,32 24,74 171,80 
52 14,11 17,31 73,98 7,87 10,07 52,42 
53 5,42 7,22 72,35 15,10 18,35 84,95 
54 9,26 12,39 68,67 10,73 13,96 70,14 
55 18,53 22,75 118,10 72,68 73,25 71,54 
56 7,71 9,57 64,60 25,33 26,28 57,74 
57 6,44 9,07 86,86 41,16 42,08 92,99 
58 14,30 16,81 65,28 16,60 20,01 74,51 
59 8,99 10,69 61,12 10,14 11,55 50,06 
60 11,87 13,87 65,31 23,49 25,31 63,70 
61 19,95 22,75 69,57 8,84 10,67 53,59 
62 14,29 16,69 84,30 16,55 17,52 34,71 
63 5,35 6,62 45,82 32,27 54,17 311,30 
64 6,44 9,32 75,61 4,43 5,84 55,15 
65 4,42 5,73 76,36 27,22 29,37 97,16 
66 6,21 7,82 53,68 36,81 42,89 166,70 
67 7,94 10,02 73,07 26,16 37,10 181,20 
68 15,70 22,26 182,70 11,63 14,06 74,44 
69 9,50 12,29 88,55 52,18 56,48 108,40 
70 7,30 10,11 82,94 21,66 25,26 75,12 
71 9,52 12,25 83,12 35,38 44,91 171,50 
72 13,66 16,51 87,01 9,99 12,28 70,08 
73 9,78 12,73 64,54 67,18 69,17 164,30 
74 8,14 9,95 71,33 50,31 57,23 202,50 
75 7,79 9,93 83,44 17,05 20,78 140,90 
76 24,90 28,21 89,49 15,64 18,97 103,10 
77 15,93 20,26 102,10 15,13 20,52 213,10 
78 18,91 23,49 162,60 14,09 17,81 99,88 
79 10,48 13,16 51,91 24,42 28,90 127,10 
80 6,65 10,78 107,30 39,15 41,85 75,15 
81 26,23 31,13 139,80 36,31 37,30 58,22 
82 9,12 11,23 74,20 29,26 34,01 92,41 
83 23,46 29,04 152,40 7,32 10,02 66,66 
84 7,13 8,72 72,09 14,72 16,85 61,00 
85 13,87 16,78 94,83 14,49 18,37 76,94 
86 26,79 29,62 138,60 25,04 29,85 131,40 
87 17,56 20,76 106,20 38,21 39,16 56,69 







89 14,47 17,45 113,00 100,56 106,60 333,80 
90 8,93 10,89 80,38 30,67 34,11 84,67 
91 10,47 12,96 75,98 7,54 10,02 56,74 
92 8,54 10,48 60,26 31,47 32,92 69,32 
93 12,31 15,31 89,68 21,17 24,60 81,21 
94 7,00 8,77 53,91 13,96 16,88 224,80 
95 2,76 3,47 32,42 36,76 38,82 73,98 
96 9,23 11,92 61,77 24,74 30,81 139,70 
97 8,46 10,87 67,02 16,16 20,36 156,80 
98 5,49 6,93 53,00 62,49 69,07 166,00 
99 12,59 14,90 59,79 80,01 94,70 313,60 
100 16,35 19,90 98,06 58,82 61,13 106,40 
101 8,78 11,05 98,06 26,39 32,30 218,90 
102 17,52 22,23 125,10 24,52 29,38 155,90 
103 15,13 18,11 107,40 36,58 48,63 307,40 
104 8,12 10,35 74,48 36,91 55,58 279,90 
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Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75)
MTA+SUERO 9,1 (3,1) 10,1 (6,6 - 10,9) 7,6 (2,2) 6,3 (5,8 - 9,6) -1,5 (4,7) -2,3 (-5,2 i 3,4) 0,281
MTA+CLORHEXIDINA 11,2 (7,4) 6,8 (5,5 - 19,1) 9,6 (6,4) 7,6 (5,1 - 10,2) -1,6 (10,6) -0,7 (-9,5 i 3,3) 0,650
MTA+HIPOCLORITO NA 2,5% 16,1 (12,1) 8,0 (6,0 - 22,6) 12,1 (8,3) 7,5 (6,1 - 22,1) -4,0 (14,3) -3,5 (-14,2 i 3,0) 0,334
MTA+HIPOCLORITO NA 5% 7,8 (8,0) 5,6 (4,8 - 7,3) 10,3 (9,4) 6,0 (4,6 - 17,7) 2,4 (13,4) -0,2 (-3,7 i 13,4) 0,650
MTA+ÁC CÍTRICO 10% 9,7 (3,5) 9,3 (7,6 - 11,3) 10,0 (4,0) 9,3 (6,6 - 13,1) 0,4 (3,7) 1,8 (-3,0 i 3,0) 0,570
MTA+ÁC CÍTRICO 20% 9,3 (4,8) 8,0 (6,1 - 12,6) 9,9 (4,0) 9,2 (7,6 - 10,8) 0,7 (7,0) 1,6 (-4,8 i 4,3) 0,532
MTA+EDTA 11,4 (5,5) 9,9 (6,6 - 14,5) 9,7 (5,1) 8,5 (6,3 - 10,4) -1,6 (7,2) -2,6 (-6,0 i 2,4) 0,156
TOTAL MTA 10,6 (7,2) 8,0 (6,2 - 12,0) 9,9 (6,1) 7,8 (6,1 - 10,7) -0,8 (9,4) -0,2 (-4,8 i 3,0) 0,329
CP+SUERO 11,3 (4,1) 11,2 (6,5 - 14,5) 21,6 (18,5) 14,7 (10,0 - 22,7) 10,3 (18,0) 3,5 (-0,2 i 16,2) 0,023
CP+CLORHEXIDINA 10,8 (7,2) 10,0 (6,7 - 12,5) 11,5 (8,0) 9,2 (6,4 - 14,6) 1,0 (10,9) 0,6 (-3,3 i 3,3) 0,975
CP+HIPOCLORITO NA 2,5% 11,0 (4,5) 10,4 (6,4 - 14,3) 20,1 (17,2) 15,1 (10,1 - 24,2) 9,1 (16,6) 7,7 (-4,2 i 12,4) 0,031
CP+HIPOCLORITO NA 5% 10,6 (5,6) 10,2 (7,9 - 12,4) 19,1 (19,3) 13,6 (11,4 - 21,2) 8,5 (20,3) 3,6 (-1,7 i 10,3) 0,088
CP+ÁC CÍTRICO 10% 9,7 (4,3) 8,1 (6,4 - 13,7) 27,8 (18,1) 26,2 (11,6 - 36,8) 18,1 (20,0) 18,2 (-2,0 i 30,6) 0,009
CP+ÁC CÍTRICO 20% 10,1 (4,0) 8,8 (8,1 - 12,6) 32,2 (20,9) 26,4 (16,2 - 36,9) 22,1 (20,7) 17,6 (7,0 i 34,0) 0,001
CP+EDTA 16,2 (6,9) 15,9 (9,1 - 23,5) 27,6 (22,8) 24,4 (14,5 - 36,3) 11,4 (24,8) 7,6 (-4,8 i 20,7) 0,112
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MTA + ÁC 
CÍTRICO 
10%
















CP + ÁC 
CÍTRICO 
10%







MTA+HIPOCL. NA 2,5% 0,007 <0,001
MTA+HIPOCL. NA 5% 0,030
MTA+ÁC CÍTRICO 10% 0,008






CP+ÁC CÍTRICO 10% 0,032 0,030 0,007 0,030








MTA vs CP 0,020 <0,001 <0,001
SUERO 0,161 <0,001 0,009
CLORHEXIDINA 0,880 0,436 0,813
HIPOCLORITO NA 2,5% 0,653 0,061 0,045
HIPOCLORITO NA 5% 0,009 0,015 0,461
ÁCIDO CÍTRICO 10% 0,806 0,001 0,023
ÁCIDO CÍTRICO 20% 0,305 <0,001 <0,001
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Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75)
MTA+SUERO 11,4 (3,9) 12,2 (8,2 - 13,5) 9,6 (2,5) 8,4 (7,6 - 11,2) -1,8 (5,6) -2,8 (-6,6 i 4,1) 0,256
MTA+CLORHEXIDINA 13,9 (9,0) 8,6 (6,9 - 23,7) 12,0 (8,0) 10,2 (6,6 - 13,8) -1,9 (12,9) -0,6 (-11,7 i 4,4) 0,650
MTA+HIPOCLORITO NA 2,5% 20,5 (15,1) 9,9 (7,5 - 33,0) 14,7 (10,0) 9,1 (7,4 - 25,7) -5,8 (17,4) -4,2 (-17,8 i 3,8) 0,233
MTA+HIPOCLORITO NA 5% 10,0 (9,9) 7,4 (6,1 - 8,9) 12,8 (10,9) 7,6 (5,7 - 21,1) 2,9 (15,1) -0,4 (-4,3 i 15,1) 0,733
MTA+ÁC CÍTRICO 10% 11,7 (4,0) 11,4 (9,6 - 13,6) 11,9 (4,0) 11,2 (8,7 - 15,5) 0,3 (4,1) 1,3 (-3,1 i 2,9) 0,532
MTA+ÁC CÍTRICO 20% 11,5 (6,1) 10,2 (7,5 - 15,0) 12,4 (5,0) 11,6 (9,4 - 13,3) 0,9 (9,0) 1,9 (-4,5 i 5,2) 0,363
MTA+EDTA 15,0 (7,1) 13,3 (8,8 - 18,8) 12,8 (6,7) 12,0 (7,8 - 14,8) -2,2 (10,0) -2,6 (-7,7 i 1,1) 0,156
TOTAL MTA 13,4 (9,0) 10,2 (7,6 - 15,0) 12,3 (7,2) 10,3 (7,7 - 14,0) -1,1 (11,5) -0,6 (-5,5 i 3,9) 0,263
CP+SUERO 14,2 (5,1) 13,5 (8,3 - 17,3) 25,8 (20,9) 17,3 (12,6 - 30,9) 11,6 (20,1) 3,8 (-0,2 i 17,4) 0,023
CP+CLORHEXIDINA 13,3 (8,7) 12,0 (8,8 - 15,3) 14,0 (9,1) 11,5 (8,0 - 17,6) 1,1 (12,6) 0,7 (-3,6 i 3,7) 0,925
CP+HIPOCLORITO NA 2,5% 13,6 (5,2) 13,5 (9,1 - 17,3) 22,6 (16,7) 18,4 (11,6 - 25,3) 9,0 (16,1) 4,6 (-4,6 i 16,7) 0,047
CP+HIPOCLORITO NA 5% 13,1 (6,3) 12,0 (9,8 - 16,1) 21,5 (19,4) 15,8 (13,3 - 23,1) 8,4 (21,0) 4,5 (-1,7 i 13,5) 0,100
CP+ÁC CÍTRICO 10% 12,3 (5,1) 10,1 (9,3 - 16,5) 33,2 (20,1) 29,4 (14,1 - 54,2) 20,8 (22,8) 23,6 (-3,5 i 44,2) 0,011
CP+ÁC CÍTRICO 20% 12,5 (4,9) 11,1 (10,4 - 15,3) 38,2 (23,9) 32,3 (20,4 - 55,6) 25,7 (23,8) 21,3 (8,1 i 41,2) 0,001
CP+EDTA 19,6 (7,6) 20,3 (11,2 - 28,2) 31,1 (23,2) 28,9 (17,8 - 37,3) 11,5 (25,7) 6,2 (-5,7 i 22,8) 0,088
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MTA + ÁC 
CÍTRICO 
10%
















CP + ÁC 
CÍTRICO 
10%







MTA+HIPOCL. NA 2,5% 0,002 <0,001
MTA+HIPOCL. NA 5% 0,018
MTA+ÁC CÍTRICO 10% 0,056 0,004






CP+ÁC CÍTRICO 10% 0,019 0,018 0,002 0,056 0,016
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MTA vs CP 0,022 <0,001 <0,001
SUERO 0,198 <0,001 0,011
CLORHEXIDINA 0,827 0,419 0,727
HIPOCLORITO NA 2,5% 0,576 0,085 0,033
HIPOCLORITO NA 5% 0,017 0,024 0,520
ÁCIDO CÍTRICO 10% 0,950 0,002 0,040
ÁCIDO CÍTRICO 20% 0,290 0,001 0,001
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Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75)
MTA+SUERO 68,7 (23,3) 65,5 (49,7 - 83,7) 60,1 (15,7) 55,5 (48,0 - 72,6) -8,6 (30,8) -8,3 (-27,7 i 22,2) 0,334
MTA+CLORHEXIDINA 77,0 (40,8) 65,8 (45,7 - 101,9) 73,2 (47,9) 54,4 (51,3 - 82,1) -3,8 (59,2) 2,1 (-25,7 i 7,1) 0,733
MTA+HIPOCLORITO 2,5% 104,3 (61,6) 77,0 (46,6 - 153,4) 80,1 (45,6) 58,9 (47,8 - 120,2) -24,2 (72,3) -27,9 (-78,2 i 17,7) 0,191
MTA+HIPOCLORITO  5% 64,1 (47,0) 53,4 (41,6 - 64,2) 79,2 (55,4) 45,8 (39,4 - 123,1) 15,1 (67,0) -7,3 (-23,1 i 50,4) 0,865
MTA+ÁC CÍTRICO 10% 71,1 (18,6) 64,7 (59,2 - 80,0) 62,7 (15,3) 58,8 (51,9 - 75,5) -8,4 (21,0) -14,5 (-21,2 i 7,2) 0,156
MTA+ÁC CÍTRICO 20% 68,8 (31,8) 64,9 (45,8 - 82,0) 65,1 (19,5) 66,7 (45,5 - 84,8) -3,7 (41,0) 3,4 (-36,6 i 23,6) 0,910
MTA+EDTA 89,0 (42,9) 71,1 (55,0 - 108,5) 74,9 (28,7) 73,7 (53,6 - 88,0) -14,2 (55,8) -13,7 (-45,2 i 4,8) 0,281
TOTAL MTA 77,6 (41,4) 64,7 (48,8 - 95,3) 70,8 (35,8) 58,9 (47,8 - 82,1) -6,8 (52,3) -8,3 (-27,7 i 15,8) 0,043
CP+SUERO 88,5 (35,0) 82,4 (58,2 - 96,0) 130,1 (78,7) 118,5 (67,1 - 170,3) 41,6 (63,5) 40,3 (-7,6 i 49,0) 0,017
CP+CLORHEXIDINA 83,5 (40,7) 80,9 (59,9 - 97,6) 88,0 (31,6) 92,5 (62,5 - 108,9) 7,2 (45,7) 7,2 (-22,3 i 33,2) 0,638
CP+HIPOCLORITO NA 2,5% 76,8 (23,9) 72,4 (64,6 - 89,4) 75,2 (34,6) 70,1 (50,1 - 85,0) -1,6 (51,4) -6,9 (-35,1 i 9,2) 0,363
CP+HIPOCLORITO NA 5% 71,4 (26,7) 68,3 (52,9 - 92,6) 70,8 (27,4) 69,4 (51,4 - 82,7) -0,6 (47,1) 12,9 (-33,8 i 21,4) 0,733
CP+ÁC CÍTRICO 10% 81,5 (30,5) 76,4 (69,6 - 84,3) 127,1 (74,0) 108,4 (70,1 - 171,5) 45,7 (91,8) 20,8 (-16,9 i 108,1) 0,088
CP+ÁC CÍTRICO 20% 74,7 (24,5) 67,0 (59,8 - 98,1) 159,1 (92,1) 155,9 (74,0 - 224,8) 84,4 (90,5) 77,9 (8,3 i 170,9) 0,005
CP+EDTA 106,7 (31,5) 106,2 (80,4 - 138,6) 111,7 (73,1) 92,4 (66,7 - 127,1) 5,0 (79,8) -11,1 (-49,5 i 18,2) 0,609
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MTA + ÁC 
CÍTRICO 
10%
















CP + ÁC 
CÍTRICO 
10%







MTA+HIPOCL. NA 2,5% <0,001
MTA+HIPOCL. NA 5%
MTA+ÁC CÍTRICO 10% 0,004




CP+HIPOCL. NA 2,5% 0,013
CP+HIPOCL. NA 5% 0,015
CP+ÁC CÍTRICO 10%
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MTA vs CP 0,007 <0,001 0,001
SUERO 0,101 0,001 0,005
CLORHEXIDINA 0,359 0,049 0,383
HIPOCLORITO NA 2,5% 0,633 0,756 0,272
HIPOCLORITO NA 5% 0,141 0,756 0,917
ÁCIDO CÍTRICO 10% 0,141 0,007 0,059
ÁCIDO CÍTRICO 20% 0,419 0,002 0,007
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5,9 (5,6 - 6,1)
8,2 (0,8)
8,4 (7,5 - 8,8)
8,9 (0,8)
9,1 (8,6 - 9,4)
9,2 (0,5)
9,4 (8,9 - 9,6)
9,4 (0,5)
9,5 (9,0 - 9,8)
9,4 (0,5)




7,9 (7,4 - 8,1)
7,9 (0,4)
8,1 (7,5 - 8,3)
8,1 (0,4)
8,3 (7,6 - 8,4)
8,2 (0,4)
8,3 (7,8 - 8,5)
8,2 (0,4)
8,4 (7,9 - 8,6)
8,4 (0,4)




10,8 (10,3 - 11,5)
10,8 (0,6)
10,8 (10,3 - 11,4)
10,7 (0,6)
10,6 (10,2 - 11,3)
10,6 (0,6)
10,5 (10,1 - 11,1)
10,3 (0,6)
10,2 (9,9 - 10,6)
10,0 (0,4)




12,0 (11,8 - 12,1)
11,9 (0,3)
12,0 (11,8 - 12,1)
11,9 (0,3)
11,9 (11,7 - 12,1)
11,8 (0,3)
11,9 (11,7 - 12,0)
11,7 (0,4)
11,7 (11,6 - 12,0)
11,5 (0,4)




1,7 (1,6 - 1,9)
1,7 (0,2)
1,8 (1,6 - 1,9)
1,7 (0,2)
1,7 (1,5 - 1,8)
1,7 (0,2)
1,7 (1,6 - 1,8)
1,7 (0,2)
1,7 (1,6 - 1,8)
1,7 (0,2)




1,3 (1,3 - 1,3)
1,2 (0,1)
1,2 (1,2 - 1,3)
1,2 (0,1)
1,2 (1,1 - 1,2)
1,2 (0,1)
1,2 (1,1 - 1,2)
1,2 (0,1)
1,2 (1,2 - 1,3)
1,2 (0,1)




4,3 (4,3 - 4,4)
4,3 (0,1)
4,3 (4,3 - 4,4)
4,3 (0,1)
4,3 (4,3 - 4,4)
4,3 (0,1)
4,3 (4,3 - 4,4)
4,2 (0,2)
4,3 (4,0 - 4,3)
4,2 (0,2)




5,9 (1,9 - 10,3)
6,6 (4,0)
7,5 (1,9 - 10,3)
6,7 (4,0)
8,1 (1,8 - 10,2)
6,7 (4,0)
8,2 (1,8 - 10,1)
6,7 (4,0)
8,4 (1,8 - 10,0)
6,6 (3,9)
8,3 (1,8 - 9,9)
CP+SUERO
6,8 (0,7)
6,7 (6,2 - 7,2)
8,1 (0,6)
8,2 (7,7 - 8,5)
8,7 (0,4)
8,8 (8,4 - 8,9)
8,9 (0,4)
9,0 (8,6 - 9,0)
8,5 (0,8)
8,6 (7,8 - 8,9)
8,1 (0,8)
8,1 (7,4 - 8,5)
CP+CLORHEXIDINA
7,5 (0,2)
7,4 (7,3 - 7,6)
7,5 (0,2)
7,5 (7,4 - 7,6)
7,5 (0,2)
7,5 (7,5 - 7,7)
7,6 (0,1)
7,6 (7,6 - 7,7)
7,9 (0,2)
7,8 (7,8 - 8,0)
8,8 (0,9)
8,9 (7,9 - 9,5)
CP+HIPOCLORITO NA 2,5%
11,6 (0,3)
11,7 (11,6 - 11,8)
11,6 (0,4)
11,8 (11,5 - 11,8)
11,5 (0,4)
11,6 (11,4 - 11,8)
11,3 (0,5)
11,5 (11,0 - 11,7)
10,8 (0,5)
10,9 (10,4 - 11,3)
10,2 (0,3)
10,2 (10,0 - 10,4)
CP+HIPOCLORITO NA 5%
11,7 (0,4)
11,8 (11,3 - 12,0)
11,6 (0,4)
11,8 (11,3 - 12,0)
11,5 (0,5)
11,7 (11,2 - 11,8)
11,4 (0,5)
11,6 (11,0 - 11,8)
11,1 (0,6)
11,4 (10,8 - 11,6)
10,7 (0,6)
10,8 (10,2 - 11,3)
CP+ÁC CÍTRICO 10%
1,6 (0,1)
1,6 (1,6 - 1,6)
1,6 (0,1)
1,6 (1,5 - 1,6)
1,5 (0,0)
1,5 (1,5 - 1,6)
1,6 (0,1)
1,6 (1,6 - 1,6)
1,6 (0,0)
1,6 (1,6 - 1,6)
1,6 (0,1)
1,7 (1,6 - 1,7)
CP+ÁC CÍTRICO 20%
1,1 (0,1)
1,1 (1,1 - 1,1)
1,1 (0,1)
1,1 (1,1 - 1,2)
1,3 (0,1)
1,4 (1,1 - 1,4)
1,3 (0,1)
1,4 (1,2 - 1,4)
1,4 (0,1)
1,4 (1,3 - 1,5)
1,4 (0,2)
1,4 (1,4 - 1,5)
CP+EDTA
4,3 (0,1)
4,4 (4,2 - 4,5)
4,3 (0,1)
4,3 (4,2 - 4,4)
4,3 (0,2)
4,3 (4,2 - 4,4)
4,3 (0,2)
4,4 (4,1 - 4,4)
4,3 (0,2)
4,3 (4,1 - 4,4)
4,3 (0,2)
4,3 (4,2 - 4,4)
Total CP
6,4 (4,0)
6,7 (1,6 - 11,2)
6,6 (4,1)
7,4 (1,6 - 11,1)
6,6 (4,0)
7,5 (1,6 - 11,0)
6,6 (4,0)
7,6 (1,6 - 10,6)
6,5 (3,8)
7,8 (1,6 - 10,2)
6,4 (3,7)
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Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75)
MTA+SUERO 3,3 (0,6) 3,5 (2,7 i 3,8) 0,001 3,6 (0,5) 3,6 (3,3 i 4,0) 0,001
MTA+CLORHEXIDINA 0,4 (0,2) 0,4 (0,3 i 0,5) 0,001 0,6 (0,5) 0,5 (0,3 i 0,9) 0,001
MTA+HIPOCLORITO NA 2,5% -0,3 (0,2) -0,3 (-0,4 i -0,2) 0,001 -0,9 (0,3) -0,9 (-1,2 i -0,6) 0,001
MTA+HIPOCLORITO NA 5% -0,1 (0,1) -0,1 (-0,1 i -0,1) 0,001 -0,5 (0,3) -0,4 (-0,6 i -0,3) 0,001
MTA+ÁC CÍTRICO 10% 0,0 (0,1) 0,0 (-0,1 i 0,0) 0,262 0,0 (0,1) 0,0 (-0,1 i 0,0) 0,140
MTA+ÁC CÍTRICO 20% -0,1 (0,1) -0,1 (-0,2 i 0,0) 0,006 -0,1 (0,0) -0,1 (-0,1 i 0,0) 0,003
MTA+EDTA 0,0 (0,1) 0,0 (0,0 i 0,0) 0,169 -0,1 (0,2) 0,0 (-0,1 i 0,0) 0,167
Total MTA 0,5 (1,2) 0,0 (-0,1 i 0,3) 0,579 0,4 (1,4) 0,0 (-0,3 i 0,3) 0,721
CP+SUERO 2,1 (0,7) 2,1 (1,8 i 2,7) 0,001 1,4 (0,8) 1,1 (0,8 i 1,9) 0,001
CP+CLORHEXIDINA 0,2 (0,3) 0,1 (-0,1 i 0,4) 0,038 1,3 (0,9) 1,3 (0,4 i 2,0) 0,001
CP+HIPOCLORITO NA 2,5% -0,3 (0,3) -0,2 (-0,5 i -0,1) 0,004 -1,4 (0,3) -1,5 (-1,7 i 1,3) 0,001
CP+HIPOCLORITO NA 5% -0,2 (0,2) -0,2 (-0,3 i -0,1) 0,001 -1,0 (0,5) -0,8 (-1,5 i 0,7) 0,001
CP+ÁC CÍTRICO 10% 0,0 (0,1) 0,0 (0,0 i 0,0) 0,392 0,1 (0,1) 0,1 (0,1 i 0,1) 0,010
CP+ÁC CÍTRICO 20% 0,2 (0,2) 0,3 (0,1 i 0,3) 0,001 0,3 (0,2) 0,4 (0,2 i 0,4) 0,001
CP+EDTA -0,1 (0,1) 0,0 (-0,1 i 0,0) 0,005 -0,1 (0,1) -0,1 (-0,2 i 0,0) 0,016
Total CP 0,3 (0,8) 0,0 (-0,1 i 0,3) 0,193 0,1 (1,1) 0,1 (-0,7 i 0,4) 0,379
p-valor p-valor
PH


































MTA + ÁC 
CÍTRICO 
10%















CP + ÁC 
CÍTRICO 
10%





MTA+SUERO <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
MTA+CLORHEX.
<0,001 <0,001 <0,001 0,002 <0,001 0,003 <0,001 <0,001 <0,001 0,004 <0,001
MTA+HIPOCL. NA 2,5%







MTA+EDTA <0,001 0,003 <0,001
CP+SUERO <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
CP+CLORHEX.
<0,001 <0,001 <0,001 0,002 0,008
CP+HIPOCL. NA 2,5%
<0,001 <0,001 <0,001 0,002 <0,001
CP+HIPOCL. NA 5%




<0,001 <0,001 <0,001 <0,001 0,001































MTA + ÁC 
CÍTRICO 
10%















CP + ÁC 
CÍTRICO 
10%





MTA+SUERO <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
MTA+CLORHEX. <0,001 <0,001 <0,001 0,002 0,002 <0,001 0,001 0,005 <0,001 <0,001 0,020 0,001
MTA+HIPOCL. NA 2,5% <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
MTA+HIPOCL. NA 5% <0,001 <0,001 <0,001 <0,001 <0,001 0,001
MTA+ÁC CÍTRICO 10% <0,001 0,002 <0,001 <0,001 <0,001 <0,001 <0,001
MTA+ÁC CÍTRICO 20% <0,001 0,002 <0,001 <0,001 <0,001 <0,001 <0,001
MTA+EDTA <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
CP+SUERO <0,001 0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
CP+CLORHEX. <0,001 0,005 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
CP+HIPOCL. NA 2,5% <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
CP+HIPOCL. NA 5% <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
CP+ÁC CÍTRICO 10% <0,001 0,020 <0,001 <0,001 <0,001 <0,001 <0,001
CP+ÁC CÍTRICO 20% <0,001 <0,001 0,001 <0,001 <0,001 <0,001 <0,001
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MTA vs CPE 0,921 0,809 0,776 0,923 0,764
SUERO <0,001 0,036 <0,001 <0,001 <0,001
CLORHEXIDINA 0,033 <0,001 0,443 0,011 0,101
HIPOCLORITO NA 2,5% 0,001 0,002 0,081 0,493 0,001
HIPOCLORITO NA 5% 0,026 0,007 0,001 0,008 0,002
ÁCIDO CÍTRICO 10% 0,038 0,026 0,819 0,950 <0,001
ÁCIDO CÍTRICO 20% <0,001 0,005 0,002 <0,001 <0,001



































































15,7 (15,6 - 15,7)
15,7 (0,1)
15,7 (15,6 - 15,8)
15,7 (0,1)
15,7 (15,6 - 15,8)
15,7 (0,1)
15,7 (15,6 - 15,8)
15,6 (0,2)
15,6 (15,5 - 15,7)
15,6 (0,2)





1,9 (1,8 - 1,9)
1,9 (0,1)
1,8 (1,8 - 1,9)
1,9 (0,1)
1,9 (1,8 - 2,0)
1,9 (0,1)
1,9 (1,8 - 2,0)
1,9 (0,1)
1,9 (1,9 - 2,0)
2,0 (0,0)







48,9 (48,6 - 49,6)
49,2 (0,6)
49,1 (48,9 - 49,5)
49,4 (0,7)
49,2 (49,0 - 49,8)
49,5 (0,8)
49,3 (49,1 - 50,0)
49,4 (1,1)
49,4 (48,4 - 50,3)
47,5 (6,0)







85,9 (85,5 - 86,4)
86,0 (0,7)
86,1 (85,6 - 86,6)
86,4 (0,8)
86,5 (86,0 - 87,0)
86,3 (1,0)
86,2 (85,8 - 87,2)
85,4 (1,0)
85,1 (84,9 - 86,3)
85,0 (1,3)





6,5 (6,4 - 6,5)
6,5 (0,0)
6,5 (6,4 - 6,5)
6,4 (0,0)
6,4 (6,4 - 6,4)
6,3 (0,1)
6,3 (6,3 - 6,3)
6,1 (0,1)
6,1 (6,0 - 6,2)
6,0 (0,1)





7,7 (7,7 - 7,8)
7,7 (0,1)
7,7 (7,7 - 7,8)
7,7 (0,1)
7,7 (7,6 - 7,7)
7,6 (0,1)
7,6 (7,6 - 7,7)
7,5 (0,1)
7,5 (7,4 - 7,5)
7,4 (0,1)




21,8 (21,7 - 21,9)
21,8 (0,2)
21,8 (21,7 - 21,9)
21,8 (0,2)
21,8 (21,6 - 22,0)
22,0 (0,3)








15,7 (6,5 - 48,6)
27,0 (28,3)
15,7 (6,5 - 48,9)
27,0 (28,5)
15,7 (6,4 - 49,0)
27,0 (28,5)
15,7 (6,3 - 49,1)
27,0 (28,2)
15,6 (6,2 - 48,4)
26,6 (28,0)
15,7 (6,0 - 48,3)
CP+SUERO
15,6 (0,3)
15,7 (15,4 - 15,7)
15,8 (0,2)
15,8 (15,8 - 15,9)
15,9 (0,2)
15,9 (15,7 - 16,0)
15,9 (0,3)
16,0 (15,6 - 16,1)
15,8 (0,3)
15,7 (15,5 - 16,0)
15,6 (0,4)




1,9 (1,9 - 2,0)
1,9 (0,0)
1,9 (1,9 - 2,0)
1,9 (0,0)
2,0 (1,9 - 2,0)
1,9 (0,0)
1,9 (1,9 - 2,0)
1,9 (0,0)
1,9 (1,9 - 2,0)
1,9 (0,0)






48,2 (48,0 - 48,7)
48,3 (0,6)
48,3 (48,0 - 48,6)
48,0 (0,9)
48,0 (47,1 - 48,7)
47,8 (1,1)
48,1 (47,1 - 48,4)
47,3 (0,9)
47,4 (46,9 - 47,9)
47,4 (0,8)






86,0 (85,7 - 87,4)
87,3 (1,8)
86,8 (85,9 - 88,8)
87,4 (1,4)
87,2 (86,3 - 88,6)
86,7 (1,7)
86,6 (85,3 - 87,8)
85,0 (1,7)
85,2 (83,1 - 86,5)
83,3 (4,2)




6,4 (6,2 - 6,4)
6,4 (0,1)
6,4 (6,3 - 6,5)
6,3 (0,1)
6,3 (6,2 - 6,4)
6,2 (0,1)
6,2 (6,2 - 6,2)
5,9 (0,2)
5,9 (5,9 - 6,0)
5,7 (0,1)




7,5 (7,0 - 7,6)
7,2 (0,3)
7,5 (6,9 - 7,5)
7,1 (0,3)
7,2 (6,8 - 7,4)
6,9 (0,3)
7,1 (6,6 - 7,2)
6,5 (0,3)
6,5 (6,2 - 6,8)
6,1 (0,3)
6,2 (5,9 - 6,4)
CP+EDTA
22,4 (1,1)
22,2 (22,0 - 22,4)
22,8 (1,1)
22,3 (22,0 - 24,3)
22,8 (1,1)
22,3 (22,0 - 24,4)
22,8 (1,1)
22,2 (22,0 - 24,4)
22,7 (1,1)
22,2 (21,9 - 24,2)
22,7 (1,1)
22,4 (22,0 - 24,1)
Total CP
26,9 (28,4)
15,7 (6,4 - 48,0)
27,1 (28,6)
15,8 (6,5 - 48,0)
27,0 (28,7)
15,9 (6,4 - 47,1)
26,9 (28,4)
16,0 (6,2 - 47,1)
26,5 (28,0)
15,7 (6,0 - 46,9)
26,1 (27,6)
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Media (DE) Mediana (P25 - P75) Media (DE) Mediana (P25 - P75)
MTA+SUERO 0,01 (0,15) 0,02 (-0,06 i 0,09) 0,798 -0,09 (0,24) -0,07 (-0,21 i 0,06) 0,182
MTA+CLORHEXIDINA 0,04 (0,09) 0,02 (0,0 i 0,15) 0,041 0,11 (0,07) 0,15 (0,04 i 0,17) 0,001
MTA+HIPOCLORITO NA 2,5% 0,52 (0,50) 0,40 (0,20 i 0,80) 0,004 -1,55 (5,87) -0,10 (-0,40 i 0,30) 0,659
MTA+HIPOCLORITO NA 5% 0,26 (0,81) 0,40 (-0,20 i 0,80) 0,073 -1,00 (0,97) -1,00 (-1,20 i 0,50) 0,006
MTA+ÁC CÍTRICO 10% -0,17 (0,06) -0,16 (-0,21 i -0,13) 0,001 -0,51 (0,13) -0,47 (-0,56 i -0,40) 0,001
MTA+ÁC CÍTRICO 20% -0,12 (0,05) -0,11 (-0,14 i -0,09) 0,001 -0,33 (0,05) -0,33 (-0,36 i -0,28) 0,001
MTA+EDTA 0,15 (0,24) 0,20 (-0,10 i 0,30) 0,027 1,25 (0,72) 1,10 (0,50 i 1,80) 0,001
Total MTA 0,10 (0,43) 0,00 (-0,13 i 0,22) 0,144 -0,30 (2,35) -0,20 (-0,44 i 0,17) 0,014
CP+SUERO 0,28 (0,24) 0,32 (0,12 i 0,46) 0,001 -0,02 (0,40) 0,00 (-0,26 i 0,23) 1,000
CP+CLORHEXIDINA 0,01 (0,01) 0,01 (0,00 i 0,01) 0,146 0,01 (0,03) 0,01 (-0,01 i 0,02) 0,118
CP+HIPOCLORITO NA 2,5% -0,37 (1,04) -0,30 (-0,80 i -0,10) 0,026 -0,77 (0,89) -1,00 (-1,40 i -0,10) 0,018
CP+HIPOCLORITO NA 5% 0,29 (1,32) -0,30 (-0,90 i 1,20) 0,509 -3,11 (4,83) -2,10 (-3,80 i -0,80) 0,003
CP+ÁC CÍTRICO 10% -0,09 (0,14) -0,14 (-0,20 i 0,00) 0,026 -0,63 (0,18) -0,66 (-0,75 i -0,54) 0,001
CP+ÁC CÍTRICO 20% -0,40 (0,09) -0,40 (-0,49 i -0,33) 0,001 -1,19 (0,21) -1,17 (-1,36 i 1,03) 0,001
CP+EDTA 0,34 (1,13) 0,01 (-0,02 i 0,20) 0,187 0,27 (1,21) 0,04 (-0,10 i 0,18) 0,495
Total CP 0,01 (0,80) -0,02 (-0,31 - 0,10) 0,072 -0,78 (2,15) -0,50 (-1,08 i 0,01) <0,001
Diferencia Tiempo 15 - 0
Conductividad
p-valor


















Kruskal-Wallis; p-valor < 0,001











MTA + ÁC 
CÍTRICO 10%















CP + ÁC 
CÍTRICO 
10%








































Kruskal-Wallis; p-valor < 0,001











MTA + ÁC 
CÍTRICO 10%















CP + ÁC 
CÍTRICO 
10%
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MTA vs CP 0,775 0,763 0,293 0,012 <0,001
SUERO 0,575 0,068 0,756 0,002 0,395
CLORHEXIDINA 0,002 0,101 0,507 0,062 <0,001
HIPOCLORITO NA 2,5% 0,004 <0,001 <0,001 <0,001 0,028
HIPOCLORITO NA 5% 0,429 0,663 0,141 0,589 0,124
ÁCIDO CÍTRICO 10% <0,001 0,002 <0,001 0,129 0,034
ÁCIDO CÍTRICO 20% <0,001 <0,001 <0,001 <0,001 <0,001
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Media (DE) Mediana (P25 - P75) Media Mediana (P25 - P75) Media Mediana (P25 i P75)
MTA+SUERO 39,1 (3,0) 39,0 (38,0 - 41,0) 37,7 (3,0) 38,0 (36,0 - 40,0) -3,6 (2,3) -2,7 (-4,9 i -2,4) 0,001
MTA+CLORHEXIDINA 39,1 (2,4) 39,0 (38,0 - 41,0) 36,8 (2,9) 37,0 (34,0 - 39,0) -5,8 (4,2) -5,1 (-10,5 i -2,6) 0,001
MTA+HIPOCLORITO NA 2,5% 38,0 (3,0) 39,0 (35,0 - 40,0) 35,9 (2,3) 35,0 (35,0 - 37,0) -5,4 (4,5) -5,0 (-8,1 i -2,8) 0,002
MTA+HIPOCLORITO NA 5% 39,5 (1,3) 39,0 (39,0 - 40,0) 37,6 (2,5) 38,0 (36,0 - 39,0) -4,9 (5,1) -2,6 (-10,0 i 0,0) 0,007
MTA+ÁC CÍTRICO 10% 39,2 (1,3) 39,0 (39,0 - 40,0) 33,8 (2,7) 34,0 (31,0 - 36,0) -13,8 (6,1) -12,8 (-18,0 i -7,7) 0,001
MTA+ÁC CÍTRICO 20% 39,6 (2,0) 39,0 (38,0 - 40,0) 38,1 (1,8) 38 (37,0 - 40,0) -3,8 (3,2) -2,6 (-6,8 i 0,0) 0,003
MTA+EDTA 40,4 (1,4) 40,0 (40,0 - 40,0) 37,3 (2,4) 37,0 (36,0 - 39,0) -7,5 (5,9) -7,5 (-12,5 i -7,1) 0,003
Total MTA 39,3 (2,2) 39,0 (38,0 - 40,0) 36,7 (2,8) 37,0 (35,0 - 39,0) -6,1 (5,6) -5,1 (-10,0 i -2,6) <0,001
CP+SUERO 32,7 (2,2) 33,0 (31,0 - 34,0) 30,7 (2,5) 31,0 (28,0 - 33,0) -5,9 (5,4) -3,2 (-9,7 i -2,9) 0,001
CP+CLORHEXIDINA 30,6 (3,0) 31,0 (28,0 - 33,0) 29,1 (3,6) 31,0 (25,0 - 32,0) -5,0 (4,4) -6,1 (-8,8 i 0,0) 0,006
CP+HIPOCLORITO NA 2,5% 32,1 (2,7) 33,0 (30,0 - 33,0) 30,3 (3,2) 30,0 (29,0 - 32,0) -5,9 (4,7) -6,1 (-9,4 i -2,9) 0,002
CP+HIPOCLORITO NA 5% 31,5 (3,3) 32,0 (31,0 - 33,0) 29,6 (3,2) 30,0 (27,0 - 32,0) -6,1 (4,3) -4,6 (-8,8 i -3,0) 0,001
CP+ÁC CÍTRICO 10% 32,9 (2,1) 34,0 (31,0 - 34,0) 29,0 (1,8) 28,0 (28,0 - 30,0) -11,7 (6,7) -9,3 (-17,7 i -6,5) 0,001
CP+ÁC CÍTRICO 20% 32,8 (1,6) 32,0 (32,0 - 34,0) 20,8 (3,6) 21,0 (17,0 - 23,0) -36,4 (11,9) -34,4 (-47,1 i -25,8) 0,001
CP+EDTA 29,5 (5,5) 31,0 (25,0 - 34,0) 26,1 (6,2) 26,0 (20,0 - 32,0) -12,2 (8,1) -9,1 (-20,0 i 7,1) 0,001
Total CP 31,7 (3,3) 32,0 (31,0 - 34,0) 27,9 (4,8) 29,0 (25,5 - 31,5) -11,9 (12,5) -8,0 (-15,2 i -3,2) <0,001
p-valor
PESO (mg)
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MTA + ÁC 
CÍTRICO 
10%















CP + ÁC 
CÍTRICO 
10%





MTA+SUERO <0,001 0,021 <0,001 0,007
MTA+CLORHEX. 0,020 <0,001
MTA+HIPOCL. NA 2,5% 0,011 <0,001
MTA+HIPOCL. NA 5% 0,005 <0,001 0,053
MTA+ÁC CÍTRICO 10% <0,001 0,020 0,011 0,005 0,001 0,021 0,005 0,021 0,029 <0,001
MTA+ÁC CÍTRICO 20% 0,001 0,030 <0,001 0,010
MTA+EDTA <0,001
CP+SUERO 0,021 <0,001
CP+CLORHEX. 0,005 <0,001 0,058
CP+HIPOCL. NA 2,5% 0,021 <0,001
CP+HIPOCL. NA 5% 0,029 <0,001
CP+ÁC CÍTRICO 10% 0,021 0,030 <0,001
CP+ÁC CÍTRICO 20% <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001







MTA vs CP <0,001 <0,001 0,002
SUERO <0,001 <0,001 0,198
CLORHEXIDINA <0,001 <0,001 0,558
HIPOCLORITO NA 2,5% <0,001 <0,001 0,868
HIPOCLORITO NA 5% <0,001 <0,001 0,287
ÁCIDO CÍTRICO 10% <0,001 <0,001 0,230
ÁCIDO CÍTRICO 20% <0,001 <0,001 <0,001







 O$S   !UP OSOQPO  	
 g OSP 





 !SQ   OS O O !QPP P!O O$ !QNO QP OSOQPO
$PO V	
 QQ
















-   SQ O$ !QNQ  PS$O   UP"QP  T  !
U!PQe"!!#QP!e"!!#QP!eTOSP O$!
- 	% O SOQPO   PP$O ! U!PQ e !PY T 	

OS PP SQ    T  SRS O QO  P OQ#OQ!Q
O$ !QNO










- OU!Q S !O O$ !QNO !S O PP$QOOQSNP
!Q!Q!!Q	





- S O SQ[  UPS   XQT UP  T  O !QPP






- OPNRSQQ OSOQPO! OSOQPO	
SS
! O$ !QN   OUS%O  QPS!P O SOQPO !  PP$Q O
NPOOPOSQOQQO
- OSOQPORSOQSNP!Q!Q!"!!#QP!eTOSOQPO











  XQT O O$ !! !  QQ  	
 
  T ! 
 P!!!!OSP O$!T"!!#QP!eYU!!O
POSQO$PQOQQOOP#UP P!OOUPS











- O !O OPNO PST URS3O SRS ! O$ !! OQ#OQ!
QU!YUPO!#!OPOPNQOO!OUUP!

-  SOQP OQS QQ 	
 !  ![P  OS! ! O PP$QO
!PYTOSP  O$!NPOQQ"OQOUP OSP
 O$! RS UP !PY  ![!  STP UP 	
 ! OSP








- OU!Q  U!PQ  e T  e O QSN  !  PP$Q
OSTSU!!



















QQ O SQO T SOS! O ISQO !OS!TP
UP!NPOOQ#OQ!QO$ !QNOOISQO
- "!!#QP!TeOO!QOOST!S!QNQO






-  !Q  	
 QSN NO "O QO  !S!QN RS  T O
















































































UPOO VKW    !!   ! UPOOQ  PO  OQPO 
P US UPS!PO"!$P UP O!QPO   ! 







#!Q  UPP  PUPP QQ O UP P!O   SP! T O
POP!O P!SPO!  [P !Q!!QP T  PPQ!
OQ(OUPQO!SOSOPP$QO!UP#
QP OQ OQS UPQ! !#!  UO SQ[P OQO OS!O O OP !S"
OP" !QRSOUPS!OSUP !!Q	

OUS%O   UPUP!  QPQQ Q! US P[PO ! NPOO
PP$QO !ST e  $S!Q  !PY V'W  U!PQ  O
VW"!!#QP!T	
GeUPO !QPOOQ!S!QOP!SPO
P$OQ UP!Q !SO !Q!Q NQ PP$QO ! OQPO
PUP!
O O!!  PP$Q  UP OP  "O QS SPQ  QPQQ
Q! O  Z! OS! SQ[   !QS RS US ONP QP














 T  e T  	




 OSP  O$!  S O!! ! PP$Q  $PSU !QP !  QPO
NOQ$!O VKHW ZQUO US!!O SQ[  $S O[   S
!PUP OS  OSP N T QPO   UPOQ OQS O O!! 










 SO UP QP# H$ UUSPQ$# UP NS! O
UP!QO  POQSP! T UP NPP  PO  O OSUP !O QO 
OPNRSOQ%QUPUP!"$OQPOS!TS"OOUP!O
O OSUP !O VKW  !PO!U UQ! ! !  QP P%QP! O !U[ 
UPUP!PUP OOSUP !OHOSOQPOO!Q!QVHHWUPOQ
OQS O  SQ[ %Q !PO!U#  Q!$# S QPO UP
NPP   !Q  O PP$QO   OSUP ! O QP RS QPQP UPNQ O











PP$QO  OQ  !Q!Q !  !Q 	







 OST  PS$O OUS%O   PP$! ! 	
 O UPS( S#
OS!   OSUP ! PQNQ OSN ! [O RS UPOQ PO




OS# O$ !QNQ  PS$O  !Q PQ T  "! !#QP!  e
SQ O$ !QNQ  O  "! !#QP!  e Q% SQ
$PQ  PS$O  !Q PQ UP O QP NPO  O$ !!
OQ#OQ!	
GeNPO$ !QNQ PS$O!QPQ
 OSUP !   !  OP QPQ !  PQO PPQQO SQ[O   P
QS!O$ZP!UO!RS#!T!!QP!OOO
OQ QP( OSQ[$POT QU PO  SSSQOQOQO
!!SP!UPOQOQSPOU!Q"!!#QP!TeT	







  OSUP !	
 ! O$OPO  !Q T Q3 OOQPS!QSPO
$SPO   OSUP !  	
 OSTP OUS%O  HSQO  PO 
'UPOQOQSOS $POS!  PS$OUP '
e
 T !O VKW !S YUSOP 	
 ! SPQ J PO ! '  e
















 U!PQ O! O P$  QU  YUO!   O O(Q
!!!SOS!PS$OOSUP !!OSQPOQPPO
  OQS $ T !O VIW 	
 YUSOQ    He UPS( OQPS!QSPO
!POQOPO!OSUP !OPP$SPOT!Q!POQO SPRS
$PSU  !QP 
"O QSN S  !Q UP(S! OP   P!  PY 





$P T !O VGHW OPNP RS  	
 UP# NPO  !Q UP UPS!QO !O
POSOSPQPQ!QO!POQOPY!"!!UPN
!!!	
O!POQO  P$S(OUP!P  OSUP ! 
$QU$P" !SNPUJTS!POQPS!QSPP !SPOSUP !
 	
 ! "O UPO T  OQPS!QSP  PQ O OPN  	
 !
YUSOQ  NPO  U  GJ T J 	P(P  S ! ! OP 
U!PQO!T!OSOQPOSPQ P$S
QP NOQ$! $P T !O VGFWOQSP  QU$P #  OSUP ! O
SOQPO YUSOQO SPQ   P$S 
 NPO  U  GJ T KJ PS!O


















 !POQPS!QSP T O !P!QP#OQ!O  OSUP !  !Q  O!Q QP!"!!
PU! T  YUSOQO   PQO  P$SOL  !!O  e  S`
OSP$$S HGfOS!P!  PS$O VW 
OSUP ! SOPNQOOQUO!Q!SOOSP$$SS
!UPO O NPO     ! OSP  O$! O POSQO !QO O
UP!O  O QO  SOQP OQS  OQS! !  !  O K #O
P RS SOQP  POSQ  UP!OO UPQQ UO!O 




 PQO  $S OQ OS! O P T U G OQPP RS 
!POQPS!QSP	
PQ!OOQ!POQO!Z!OT  P$S( O
SOQPOUOOPNPOOOSUP !OO!POQO!Z!OOPOSQO
PNP RS S QP "!  U  O UP(S! UP O UPUO  #O!O T 
!UPQQ  PQ!  	






UPRS O $PO "PO OSUP !O  QO !POQO UPUP! S $P ZP 
S$POP!!UPOS!P"U!QVGW
"O UPO OOPN   OSUP !	
 YUSOQ  NPO(O U  O
$PSUOYUPQOVGFWOQOQPOZQOOQSO!QOYU!P#SQ









"! SPQ G #O 
SRS  U%P QP[   P!  UPO T!P!O






OQP#  RS O OQS S QU  !QS!  SP  O UP"QPO !#!O RS
OQPOUPQO!PP$!
SOQPO	
 O T OO VHIW NOS[P $PO !POQOY$O
!PSOQOSQP[P OUS%OJ#OOSP$OOS!OQU





O%QP!O   P  OQPS!QSPO OQPQ !O O QPONPOQ  
! QP( SRS NP   !Q   ![  O PUP!O  SP!O 
OQSOUPO![OQO QPOO !Q
 ![ PP$Q	
 QU NPO!SQP#O#!Q O
PP$QORSQO!!OSQ[SPQUPOQP$O
QPOQS  VHW !POQPS!QSP	
PQ 	
 POSQ S
 OP !SOU!Q$PSPTSOQPS!QSP P!ZUS	
POS
 OOQ!S!QO P!SPOUS RSP! O!! POO	












P!   S! RS#! QP S PP$Q !  	





! UO RS T^ US  QPPO   !U QP !  QP PP  O
RS#!QP	
TQQPYU!!UP#OP !QOP[!
RS!OT^QPO RS!Q!! QSP[ UPO
	
 OQ UP!UQ! O UPS! QPQ QP  	
 UP !P OS
!POQPS!QSP T UP  QQ !S!  S OS! O$ !QN    SP[ 
O  	
XQ VHW OQ QSP[ UPO  	






!OUP"!!YU! O POSQOSQ  PS$O!
"!!#QP!TeRSQUQPIT
 S OQS  O T !O VGGW  "! SQ#P! S OSUPS!Q QO

















OU!Q   RS O UPS! !  U QO RS OQ$SPL $S
OQ $S O[ $S SQPUSP OSP  O$!  OS! O  Fe
OS! O !  & OS! O QU !  O Q    S
!PUPOS
SOQPO POSQO ! SOQPO OSP$O  OSP  O$! O UP!O  O
PUPQOUPcPT$TVGWRSPNPOUF OHPOOT
!O VGW! NPO U F OSQO T F O QPOPO  P!
%Q O RS O SQ[P  O OQSO P#!O  QO QSPO T RS 
!P!QP!P!OQ QPP  P#[ 	%QP P!O
 !PP T RS   !Q OQSOUS%O OSP$P OSOQPO  OSP
 O$!ONTOQPS!#$SOQTO[SQOO#U
O!QPOQSORSU!QPOOS!OPP$QO







! T QPO  RS SOQP O (  P$SP T S$ O OSP$ O (
 P$SPOSOQPOTS$OOOSP$OS!!PQS[[T!OVIW
UP  RSSOQPO POSQO  SP UP!O UP  OS!  S$SO[ T 
!OJPOPT!OVHIHGWQ%SQ[PSOQPO P$SOUP





OQUP"QPOQPOOSQ[ QUO!Q!Q PQNQ!PQOUP OP
QUO!#!QPNQO
SOQPO POSQO O UP!  O  O T !O VGW RS Q% SO OSP
 O$!!#RS
OT!O VKWPNPOSU!"ONOP$S$T!O VJW




 S OQS  PQS[[ T !O VIW P POSQO OPO  O O  


























! 	PSX T!O VH HW P$OQPP NPO FFUP	

$SO^









 QOOOQP S U! U!O !SO UP  P!
PY!!!QPQQ O!O  OS!!P!SQUS
QPPPQ!!Q!O P!OP!!OSUPS!QOO
OQS O NOQ$ !Q OSPN  Q U O!QO T OS!O
!Q OSPN  Q Q# S U GJ
SRS OSPN  Q Q




`  $S K UP  T  UP 	
 
 O OQ #O QO O NPO
SQPUPOSPOUS%O$PQOK#OOQS"OPPUF
















OUS%O  POP!Q UPS!Q$S O OQ UP!Q US





















 "QP QP UP QP  OSUP !  !Q!Q  OQPO !  $S
!P!SQ  S   N T !O VKW  NPO    O H PO  $S
O[









4NO T !O VHJW Q% P NPO OSUPPO  O  UPOQ OQS 
P$OQPOUP$OQIKPO$SOQSUIOSQ[UPNSP
UOQPOSPQOUPPOHPOOSOQPO SP SPQQ!O
T  U OQSN Q OQ     YUPQ  U O OQ[ !  QU
!SOS!OOQSPPY!"!!
 OQ #   T !O VIIW P S U UP PQ 	
^    $S
O[OQPOPO
 S OQS  PO T !O VHJW O POSQO !P RS  U UP   P
! UP QO O UP#O OQ ! O POSQ  PY  !!
UPS!SPQ PQ!PY!!OS!!SOO! P























QP OQS  TOXP T !O VGW !  UPQ!SP  SQ[P O!!O 














 !S!QN O S YUPO S%P!   !U!  S OS! UP (P























!S!QN O JPO P S U HF T SO NPO !S!QN
GF _! ! S $P SQ   !S!QN  O UPO !O UP
OSPUPQPOJ
NP!!S!QN S!QUPOQ#S!UPQQ
OP   P!  O !!  !PP! QP  !S!QN %!QP! T 
P! O  S O$ !QN  RS ! P RS  OS! !SO OO!P
UPQQ O O  !! 




 RS O UPUP!   OS QP O POSQO !P RS 
!!QP!  O  OS! SQ  RS  OS  SOQP
SQ RS!S(TPONPO!S!QNOQ   OOPN
   T   	
   OQS  4NO T !O VHJW  OS  O
!UQO NSO SQ !  QU  !Q!Q T ! O SQO 
NS  ONQ` ! !O!S!  !!QP!  O T  !S!QN
%!QP! SQ"O   QU OQ RS O OQ[    OQSP!  
OS!$ZOPOSQO!S!QNO!QO SOQ#OQ!QOP





 QU  !S!QN %!QP!  Q O OQ[   OQSP! 
OS!OPOSQOQOUP4NOT!OVHJWOUP!OOUPOQ
OQS OSP  O$!OOP$SQ[P! OS!$SOQ T O


























  T H #O !STP RS O !QO NP  U   OS! O
SRSUOST!QUT^NP!S!QNOS!
OUPP#TUOQPPQOSTP$UT!S!QN S
$PQ OSUPP   OS! O RS !Q  RS   OS! O !
^P!!! SOP^OUS%OH#O
O
!QO QN# P O!!OUS%O H#O!Q S
OS!OO!SPNO!S!QNTP!O!!OQPUP O
O(QOL$PN!!S!QNTP!O!!OJPOUP



















!SOP OQ$P! OQPO RS NP!  QOQPOT 
OQPS!QSPQVKW
  OT  PQO QUO QPO UP!O  OS !UO!  OQQO
ONQOOQQOQUOTQ$#
UPQ!SPOPP$QOSOQPYUPQOSNP#QPO
O"OSQ[O  QPQSPTOUP UPUQSP[ OS!!
UPQU!Q!Q






 P! QP O UOO QO T OUS%O  !!P  !Q  $S OQ 
!SP!OQ%QS OP QPS OSTP HeOQ


























O RS OUU ! S $O T  OS! !PPOUQ  UPOQOQS
P[ UP PO O P$OQP STP OS  "! T  U


















^ QU! P O$O  OS  $S  	






 T S UO YU!! OP#  RS PQ	
^ O !U
OOU!O[S P T UQO UP O !PQ !Q !! 
OSUP ! OQPOVWOQO P!O !UO! OSUP !US
YU!PPS!OSPQ	
^!Q[S POSUPPOQ"















U%PUO SOQPUSOP  P! O P!!OOSO











































RS !Q PQ !SOQ" !UQQ OSP$ S!SO 
P$IGPO
OPOSQOOQQOUSOPQPSO O PQOQ$#OSQ[O O




O PO  OT  OS P!  PO  QPO S N[












$Z PP& T 	P( VHGW  UPS  OS OQ"P SQ[ Q




OSP$O"!!#QP! eOQPP"O OSRS O
OSP$O  "! !#QP!  e QP UO YU!! OP# RS  QUPQSP 
O!UPN!P#OUPQUPQ#!SOOSOQPO
P QP  Q% T OQSO  O RS  OS OS!TP RS  
OQSUPOQO#P!# T!O VWPIIe OSUP	

$SO^
!  J PO  $S OQ O OQ S NP $PQ"O N 











!O P!!"!!  OOPQO!QPQPP
P$USPOSP!O$SLPY!!RSO O"ONSP
QRS"!!!PQP!!!"! "!Q!T!%Q!UPS!OO
!! OSO V!QQ  !! T !QQ  !!W S O UPS! OQO OO 
YN!P$UPOSQNU!$PSQOUPO





O UPS!QO  PQ! O SQP[O UP O UPQO  !!  PP 
SO#!OOS QQPOS!QPN%OOUPOTO S
!  OSUP !  !Q  !U !PP# QQ UPO O OPP
!OOQ O!Q  O!QO PQO  QO  !P!Q   !U O
QPQ SO"!QPN%O!U!PP# PQP!!T
N!  P!!  "! !  !Q  S OQ O YUPQO 
OQPRSPOOQ!!PPOU!UO!TQURS#!
!QO#!U"!Q!QN!!PPOOQPUP























UOQO TOUS%O!QQP$S USP S$P 
OSUPRS OUPQ#!SOQPUSOUPPO!QSPQ
!Q!QUSOPP$SOQO QP!!OUS UP 
NS!  OS P  UOP   P!  $SO  O !QO 
!QOO!Q
RS NPO NOQ$POSQ[ PQO%QOUPNSPOQUPU
	




































































 N[  !QS  OQS YUPQ  
 UPUSOQ T [O O POSQO
QO O US OQ!P O O$SQO !!SOO POU  O (QNO
UPNQUQOL

W  PS$OOSUP !OOPN !UP O PP$QOSQ[O!
NPOOQ#OQ!QO$ !QNOQPORSPQ	
 PS$OO

















W  !O!S! O !!SOOQPPO OPN S !!SO  L 
PQ 	
































































    PS 
$S%  !L Q%!!O !#!O T OO !Q# !O
P!LOO`J
















 	P(  PP&  P QPY $$P$QL 
 !UPON QPQSP
PNcwPQ L &$  !UQQT NOQ$QO   `HILFb














H 5P	46SO PQPY$$P$QQQPQQ P[Q
PQ P!QSPOcQXTP cXSULPUPQ !OF`HLFb
J PQOPTcTSPQOP		!OQQSQ 
PQPY$$P$QQQP`LFGbHH
 PQO  	Q  P[O  PQ P QPY$$P$QQP
SOQ!QPQQLPNc QQPQSPQQPK`JLJFbIJ
I POPPScSP$PO!P S! 
Q !Q QTU  Q POOQ!   !!PQ Q   !O  !P O
FFI`ILGGb




K Q  SO P  S$$P$ 
Q P  OT  Q 
QP$! NSQ  Q OSP !  cQ	
  QP Q SO  Qc Q!
PP$QOG`HHLJIHbG
F OQPX!O  P"OQ$SX  PXORSSO  X 
QP PQP!!PO!UTOQST  Q OSP ! PS$OO PQ!QSP
Q!Q   PQPP$QOPQPPS!H`KLKGb
 P!#  P  P#$S[ 
 "[RS[  ["[  SNO UOO
QPU%SQ!O!NSPQXOQQ`LHbH
 P  QO   N  QQ P 	 	 !! !OQQSQ 


























































H $QOS*$.$ 	 	OS1&#)Q)$c$O(&#$ 	 	OS1&#)Q)0 S1&c$P$)"S ) 
%Q$!







HH '(%# P&  %U!)c  $#&!!%P&  
*$!TO%O )+ (%$NT #%Q$!O &* #&*%P$! QP&)Y&,%
$..P%.$Q%$*,)PQ!$*,'%#%*Q*,),`HILb
HJ $#&!!%P&  T,P$Q&)* #%'($*&O#O )+ #&*%P$! QP&)Y&,% $..P%.$Q% *Q *,), 
G`JLJIXG









HK $.(&)O  %*O)*  SQ#$**  SQ!%P  )#U$P$Q&N% P$,&)U$'&QT )+
Q%QP$'$!'&S#U()OU($Q%$*,)Q(%PP))QX%*,+&!!&*.#$Q%P&$!O*Q*,),`HHLHb

HF 	$*)#$PS  S$PQ% 
 )*2$!N%O  	$*)#$PS   $,&)U$'&QT %N$!S$Q&)*
P))QX%*,+&!!&*.#$Q%P&$!O T,&.&Q&[$Q&)*&#$.%O
UU!P$!'&K`ILHGIbF
J (*.  O!$#  0$U 














'TQ)Q)Y&'&QT )+ )PQ!$*, '%#%*QO ')*Q$&*&*.  &O#SQ( )Y&,% P$! SP. P$! %, P$!
$Q()!P$!$,&)!*,),K`L%JbG






OQP%*.Q($*, P$,&)U$'&QT)+)PQ!$*,'%#%*Qc&Q( N$PT&*.$,,&Q&)*O)+ &O#SQ()Y&,%
*Q*,),F`JLHbK
J c$*.0 %% c$*. $*. &#&# %Q$!(%#&'$!')#U)O&Q&)*




 &O#SQ( )Y&,% ')*'%*QP$Q&)* P%RS&P%, Q) UP)N&,% )PQ!$*, '%#%*Q c&Q( $,%RS$Q%







	 ,% )P$%O  $,&)U$'&QT )+ )PQ!$*, '%#%*Q $OO)'&$Q%, c&Q( ,&++%P%*Q
P$,&)U$'&+T&*.$.%*QO*,),F`HLGHGbJ
JF $#&!!%P&  $*,)!+&  N$!S$Q&)* )+ Q(% P$,&)U$'&QT )+ '$!'&S# O&!&'$Q% '%#%*QO
')*Q$&*&*.,&++%P%*QP$,&)U$'&+&%PO*Q*,),`JHLbH
 $#&!!%P&  N$!S$Q&)* )+ Q(% U(TO&'$! UP)U%PQ&%O )+ $* %*,),)*Q&' )PQ!$*, '%#%*Q









 Q)P#  &'(#&!!%P  	)P,&" 
 )),%!!  %QQ&*. %YU$*O&)* )+ .P$T $*, c(&Q%
#&*%P$!QP&)Y&,%$..P%.$Q%$*,)PQ!$*,'%#%*Q*,),K`HJLKb
 $c!%T %   	 )),%!!  ++%'Q )+ N$PT&*. c$Q%PXQ)XU)c,%P P$Q&)O )* Q(%
O%QQ&*. %YU$*O&)* )+ c(&Q% $*, .P$T#&*%P$! QP&)Y&,% $..P%.$Q%  *,), ` HIL
HGGXF
H $*,)!+&  $')*)  
.%%  & )*&  	$T  $O(!%T  %Q $! %QQ&*. Q&#% $*,
%YU$*O&)* &* ,&++%P%*Q O)$"&*. #%,&$ )+ %YU%P&#%*Q$! $''%!%P$Q%, '$!'&S#XO&!&'$Q%
'%#%*QO $*, P)))Q 	
 P$! SP. P$! %, P$! $Q()! P$! $,&)! *,),
F`KL%HFbJ





I !ST"  ))*  $PQc%!!  N$!S$Q&)* )+ O%QQ&*. UP)U%PQ&%O $*, P%Q%*Q&)*
'($P$'Q%P&OQ&'O )+ #&*%P$! QP&)Y&,% $..P%.$Q% c(%* SO%, $O $ +SP'$Q&)* U%P+)P$Q&)*
P%U$&P#$Q%P&$!*,),FFK`JLGIKbG
G %!!&''&)*& 
 %!!$*&  $QQ) 
 $*,)!+&  $P'(%QQ&  P$Q&  P)P))Q
&*%P$! 	P&)Y&,% 
..P%.$Q% '%#%*Q SO%, $O $ P%QP).P$,% +&!!&*. c&Q()SQ $,,&Q&)* )+
c$Q%PL$*&*N&QP)%N$!S$Q&)*)+&QO#&'P)!%$"$.%*,),G`HHLKb




















I $P)**$  &#%!  0S -($*.  $ %T  )#U$P&O)* )+ Q(% OSP+$'% ($P,*%OO
 %Qc%%*H#$Q%P&$!OSO%,&*$*%YU%P&#%*Q$!$U%Y&+&'$Q&)*#),%!S*,%P#)&OQ$*,,PT
%*N&P)*#%*QO*,),J`JLFKIXF
I P&,!$*, )O$,) &*%P$! QP&)Y&,% $..P%.$Q% V	















II $*,)!+& 	$,,%&  & )*& ),%*$  &$U%QQ&  P$Q&  %N%!)U#%*Q)+ Q(%
+)P%#)OQ !&.(QX'SP$ !% '$!'&S#XO&!&'$Q% 	
 '%#%*Q $O P))QX%*, &* )P$! OSP.%PT
(%#&'$!XU(TO&'$!UP)U%PQ&%O &)$'Q&N&QT$*, &)!).&'$! %($N&)P%*Q$Q%P`GL
%HJbG
IG &N$*  -$U$Q$  -%+%P&*) 
 P$#$*Q%  %P*$P,&*%!&  $P'&$  %Q $!
N$!S$Q&)* )+ Q(% U(TO&'$! $*, '(%#&'$! UP)U%PQ&%O )+ Qc) ')##%P'&$! $*, Q(P%%
%YU%P&#%*Q$! P))QX%*, +&!!&*.#$Q%P&$!O P$! SP. P$! %, P$! $Q()! P$! $,&)!
*,),`LbI
IK $#&!!%P&  N$!S$Q&)* )+ Q(% %++%'Q )+ &*QP&*O&' #$Q%P&$! UP)U%PQ&%O $*, $# &%*Q
')*,&Q&)*O )* Q(% ,&#%*O&)*$! OQ$ &!&QT )+ c(&Q% #&*%P$! QP&)Y&,% $..P%.$Q% $*,
)PQ!$*,'%#%*Q*,),`HGLHFbJ
IF )..&)  )# $P,&*&  










G 0$N$P&  )P*$ - $(&#&  ($(&  $!&[$,%(  ()1$[$,%( !$'%#%*Q &* $*
$'&,&' %*N&P)*#%*Q &*'P%$O% Q(% O)!S &!&QT )+ c(&Q% #&*%P$! QP&)Y&,% $..P%.$Q% 
)*O%PN%*QH`ILGbI
G %c$P,  %,.!%T  ++%'QO )+ &*QP$'$*$!#&*%P$! QP&)Y&,% $..P%.$Q% $*, '$!'&S#










GJ $#$[&"($( %"))+$P (%T"(P%[$% $!$P&T%( $T%O PT$*Q
	)($##$,& S##%P  	(% %++%'Q )+ U )* OSP+$'% ($P,*%OO $*,
#&'P)OQPS'QSP%)+#&*%P$!QP&)Y&,%$..P%.$Q%*Q*,),K`JLKbI
G $.(&P& 
 ()")S(&*%1$,  )Q+&  
#&*O) ($*&  $.(&P& 
 SO(X)SQ  )*,
OQP%*.Q( )+ #&*%P$! QP&)Y&,% $..P%.$Q% &* Q(% UP%O%*'% )+ $!"$!&*% U  *,),
`HILKIbF
GI ()")S(&*%1$,  %"))+$P  P$N$*& 
 ($PP$[&+$P,  S##%P  ++%'Q )+






 	(% %++%'Q )+ $'&,&QT )* ,&O!),.#%*Q P%O&OQ$*'% )+
#&*%P$! QP&)Y&,% $..P%.$Q% $*,  &)$..P%.$Q% &* +SP'$Q&)* U%P+)P$Q&)*OL $* &*N&QP)
')#U$P$Q&N%OQS,T*,),`HKLJbF














)+ U )* O%$!&*. $ &!&QT )+ c(&Q% #&*%P$! QP&)Y&,% $..P%.$Q% $O $ P))QX%*, +&!!&*.
#$Q%P&$!*,),K`HJLIbF
K %% 0 ++%'QO )+ U(TO&)!).&'$! %*N&P)*#%*QO )* Q(% (T,P$Q&)*  %($N&)P )+ #&*%P$!
QP&)Y&,%$..P%.$Q%&)#$Q%P&$!OJ`LGKGbFH
K $.(&P& (%& $*&  
O$Q)SP&$* 
 $P'&$X),)T  SQ#$**  )Q+& %Q $! 	(%










KJ &!"&*O)*  %%O)* 	 &P"U$QP&'" 	 P$'QSP% P%O&OQ$*'% )+ O&#S!$Q%, &##$QSP%
Q%%Q(+&!!%,c&Q(%O&!)*.SQQ$XU%P'($)P')#U)O&Q%*,),G`HHLJKbH
K $.$O  T$*&"  
!QS*,$O$P  SP#$[  %(P%!& - $!!&QQS  %Q $! ++%'Q )+
,&++%P%*Q&*QP$)P&+&'% $PP&%PO)*Q(%+P$'QSP%P%O&OQ$*'%)+P))QO) QSP$Q%,c&Q(%O&!)*
)P.SQQ$XU%P'($*,),`HILIbH
KI !SO)T  TxP  P	
	PX  Q  
PQ PQ 	 O	PO 
PQSP OQPQ O
S	Q 



























KK 	Q  
PUQP




































P QQ POQP c
Q 

































































F 	Q QQO  O 	
PUQP






O  Q UPOO





























FG P  
SO
  TP[  TO  PTQ 	 SP  	
Q  OQ

















































 T  P  [  U	Q  	S  UQ  Q 	
Q  
XQ













 PSPO  Q UPOO



















































































 PQ  c








K S[  PO 
 PO  
	N  




	QPT   	TO
O  Q UQQ




































QT  RS PQ PU
P QP
	  
PQ Q  
`JLGbHJ
 
  S  
  
QQ   








































































 Y	T  


































K SOP  
S	SQ  	
[ 















































































  Q PQQ
 PQP
OQ









H     	











































































  	  
    
    Q 	 


























 PQ   `
HILIKHbG
H       P   
 Q 	 Q 	
S UOUQ



















H QQ  	PU  QPQP  	  UPQ































HJ P  	

















OPS  Q OSP 


















 QO  OQP
QUPQSP  OSP POO 












































































JH   O	  U 
 	   	 PUPQ












































  	 UPUPQ









































    
	QQ
 
 OOQQ  




















































































































QSP UPQ	POL  PN






































































































IH   

 	 UQ  	
S  O
	

















 	SUNSY  UP











I Q  	SU  UP


















































































































































 X 	 Q Q
 	

































































































































KH     S









































































































	  Q 	 N	SQ
  Q UPUT	 	T	 OO
Q








F QQO  	Q  O 	
PUQP































F  	 
  S 	 
  PUPQ
































 QO P Q






























		 cQP  e
	PY



















































FF 	S " z[ " TP " 
	[ 	 	 N	SQ
   OQPQ  
UO




















































































 T  P  [  U	Q 	S  UQ  Q 	
Q  
XQ
















































 PQL  
 N

























































































































QcPQ    PS Q
Q

















































































 S  O 
 




























































































    NP
  
T













O  SPQP  PPQ
 PU
P UP


















































































QT  	 OSUP 
 Q  	











































 O 	 Q
Q

























































































































 		 S	QSP Q






















































































JF     S  




























     Q






























































































































































QPOU  		    S  QPOUQ
N 	TO







 UQ  
P	 QP
Y





























  P  TO	  	SPSQ  	
 U
	 U	SO 








































Q[   











  OP		 	  	  Q 
 OQ   
	












  S 	 
 OSUPSPPT QQ SO Q Q 












PQ  	 SO
  P
 QP










	 P SP	 UPPQ






















































































































P  PQ UPPQ
O  
`HILKbH
GK Q    






P  PQ UPPQ















P[T    	P
 U














 Q 	QP	 UP
Q
























































K     	  S  N	SQ










	N  PP$  PQ  P$XT  	

























































 TSP  	
  PcO  SNP	 SQO 
PPQ
N Q
 QPQQO  PQ
 





   
O  Q  O  
 

 PP[  Q 	 S	U
PNOS	P
[Q


















































N UPQ	O  
J`JLFbK
F 	PS		O  		OQP  	$P  P		  POQS













































































H         




















































































Q S P   U  	
S 

P	O   PQX 
		
QP







SO 	UQ  PQ  	PS














 PQ  
`HKLHFJbG
H 	PSX
	  NO 	
PO  




 U  	
S 










































  Q UTO
	 UPUPQ








PO SO O PQX 
		
QP













 U  	
S 











HJ  	NO  
U
  







O  PQ	 QO  	












































	N  SPQ 
 P
[[ 	 S[	 
 Q 	 U
	
S 






























































































































H   PP  		
 




















































Interferometric microscopy study of the surface roughness
of Portland cement under the action of different irrigants
Maria L. Ballester-Palacios 1, Esther M. Berástegui-Jimeno 2, Neus Parellada-Esquius 3, Carlos Canalda-Sahli 4
1 Associate Professor of Dental Pathology and Therapeutics. Investigator of the  IDIBELL Institute. School of Dentistry. Univer-
sity of Barcelona. Barcelona. Spain
2 Professor of Dental Pathology and Therapeutics. Investigator of the IDIBELL Institute. School of Dentistry. University of Bar-
celona.  Barcelona. Spain
3 Physician specialized in Epidemiology and Public Health. Catalan Health Institute. Barcelona. Spain
4 Chairman of Dental Pathology and Therapeutics. Investigator of the IDIBELL Institute. School of Dentistry. University of 
Barcelona. Barcelona. Spain
Correspondence:
Investigator of the IDIBELL Institute
Campus de Bellvitge
Pavelló de Govern Feixa Llarga s/n






Objectives: Some investigations suggested common Portland cement (PC) as a substitute material for MTA for 
endodontic use; both MTA and PC have a similar composition. The aim of this study was to determine the surface 
roughness of common PC before and after the exposition to different endodontic irrigating solutions: 10% and 
20% citric acid, 17% ethylenediaminetetraacetic (EDTA) and 5% sodium hypochlorite. 
Study Design: Fifty PC samples in the form of cubes were prepared. PC was mixed with distilled water (powder/
liquid ratio 3:1 by weight). The samples were immersed for one minute in 10% and 20% citric acid, 17% EDTA 
and 5% sodium hypochlorite. After gold coating, PC samples were examined using the New View 100 Zygo in-
terferometric microscope. It was used to examine and register the surface roughness and the profile of two differ-
ent areas of each sample. Analysis of variance (ANOVA) was carried out, and as the requirements were not met,
use was made of the Kruskal-Wallis test for analysis of the results obtained, followed by contrasts using Tukey’s
contrast tests.
Results: Sodium hypochlorite at a concentration of 5% significantly reduced the surface roughness of PC, while 
20% citric acid significantly increased surface roughness. The other evaluated citric acid concentration (10%)
slightly increased the surface roughness of PC, though statistical significance was not reached. EDTA at a con-
centration of 17% failed to modify PC surface roughness. Irrigation with 5% sodium hypochlorite and 20% citric 
acid lowered and raised the roughness values, respectively.
Ballester-Palacios ML, Berástegui-Jimeno EM, Parellada-Esquius N, Ca-
nalda-Sahli C. Interferometric microscopy study of the surface roughness 
of Portland cement under the action of different irrigants. Med Oral Patol 
Oral Cir Bucal. 2013 Sep 1;18 (5):e817-21.   
 http://www.medicinaoral.com/medoralfree01/v18i5/medoralv18i5p817.pdf
Article Number: 19082          http://www.medicinaoral.com/
© Medicina Oral S. L. C.I.F. B 96689336 - pISSN 1698-4447 - eISSN: 1698-6946
eMail:  medicina@medicinaoral.com 
Indexed in:
Science Citation Index Expanded
Journal Citation Reports
Index Medicus, MEDLINE, PubMed





Med Oral Patol Oral Cir Bucal. 2013 Sep 1;18 (5):e817-21.                                                                                                                                                          Surface roughness of Portland cement
e818
Introduction
Several studies have compared mineral trioxide aggre-
gate (MTA) with Portland cement and the findings sug-
gest that both show almost identical macroscopically, mi-
croscopically, and by X-ray diffraction analysis (1).
Other study affirms that Portland cements contain the 
same chemical elements as MTA  (2,3). This suggests 
that Portland cement has the potential to be used as a less 
expensive root-end-filling material in dental practice (4). 
Camilleri et al. (5) determined the composition of the 
two commercially available MTA formulations (ProRoot 
MTA, Dentsply Tulsa, Tulsa, OK, USA), gray and white. 
Dispersion analysis showed white MTA (WMTA) to be 
composed mainly of calcium, silica, bismuth and oxygen, 
while gray MTA (GMTA) also contained iron and alumi-
num. X-ray diffraction analysis demonstrated that MTA 
was composed of tricalcium silicate and bismuth oxide, 
while GMTA was found to be composed of tricalcium 
silicate, dicalcium silicate and bismuth oxide. Thus, the 
commercial versions of MTA were shown to have a com-
position similar to that of Portland cement, widely used as 
a binder for materials employed in the building industry, 
with the exception that MTA contained bismuth oxide to 
enhance its radiopacity (6). In ProRoot MTA, the amount 
of gypsum is approximately half of that of the Portland 
cements. ProRoot MTA consists of fewer toxic heavy 
metals like copper (Cu), manganese (Mn) and strontium 
(Sr), which might reduce rejection, inflammation or other 
allergic reactions when applied to the patient. The Port-
land cements are composed of particles with a wide range 
of size, whereas ProRoot MTA particles are smaller and 
uniform in size (7).
Irrigating solutions used in endodontics, such as eth-
ylenediaminetetraacetic acid (EDTA) and citric acid, 
designed to eliminate the smear layer, are sufficiently 
aggressive to demineralize intra-radicular dentin (8-10). 
These irrigants generate a sufficiently acid environment 
(pH=2) to cause serious deterioration of Portland ce-
ment (11). Thus, when citric acid or EDTA  are used 
during second treatment or retreatment of root canals 
presenting perforations repaired with MTA, they could 
affect the surface of this material altering its properties 
and its roughness. However, few studies have analysed 
the effect of these irrigants upon the surface of MTA in 
terms of cement corrosion and dissolution.
During endodontic therapy various irrigating solu-
tions at different concentrations and duration are used. 
These chemical solutions may affect the setting reac-
tion of MTA.
After a final flushing with a chemical irrigant, some 
amount of the irrigating solution may remain in the root 
canal space, which may affect the properties of MTA.
The present study investigates and compares the sur-
face roughness of Portland cement (PC) before and after 
treatment with different irrigating solutions commonly 
used in endodontic.
Material and Methods
Fifty cubic samples (1cm x 1cm x1cm) of common Port-
land Cement (PC) (Cemex, Grey cement. Sant Feliu del 
Llobregat. Barcelona. Spain) were prepared as follows.
Cubic silicone molds (Empress Penta 2 H Quick, 3M 
ESPE AG, Seefeld, Germany) were made setting the 
silicone while resin prisms of rectangular base (1cm x 1 
cm) were placed at a depth of 1 cm. After prisms were 
removed, leaving spaces served as molds for the PC 
(Cemex, Grey Cement. Sant Feliu del Llobregat. Barce-
lona. Spain). A metal spatula was used for mixing PC in 
3/1 proportion (cement/ water) on a glass plate to form a 
paste. The cement was added and carefully compacted 
within the silicone molds using the spatula and con-
densers. The samples were allowed to dry for 48 hours 
at room temperature. The preparations were removed 
from the molds and numbered from 1 to 50. Then, the 
samples were immersed in glass recipients containing 
the different irrigating solutions. The following irrig-
ants were used: 5% sodium hypochlorite, 10% and 20 
% citric acid and 17% EDTA, prepared in pharmacy ac-
cording to magistral formula. All samples were exposed 
for one minute.
Five experimental groups were established. Group 1: 
samples 1-10, control, not exposed to the irrigating so-
lutions. Group 2: samples 11-20, exposed to 5% sodium 
hypochlorite; Group 3: samples 21-30, exposed to 20% 
citric acid, Group 4: samples 31-40, exposed to 10% ci-
tric acid, and Group 5; samples 41-50, exposed to 17% 
EDTA solution.
Both the treated and the un-treated samples were poste-
riorly washed with distilled water for 5 minutes, shaking 
them gently to remove the traces of irrigating solution. 
The samples were left to dry for 48 hours and, then, 
were examined using the New View 100 interferometric 
microscope (Zygo, Middelefield, Connecticut, USA). 
This microscope allows an accurately and reliably 
Conclusions: The surface texture of PC is modified as the result of treatment with different irrigating solutions com-
monly used in endodontics, depending on their chemical composition and concentration.
Key words: MTA, Portland cement, citric acid, ethylenediaminetetraacetic acid, sodium hypochlorite, surface 
roughness.
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measure surface topography. Optical profilometry is a 
nondestructive, and noncontact measure surface me-
trology technique. 
PC is a non-reflecting material; as a result, prior gold 
coating of the samples was carried out using the sput-
tering technique. Interferometric microscopy was used 
to examine and register the surface roughness and the 
profile of two different areas of each sample. The study 
parameters were PV (maximum roughness depth), Ra 
(mean roughness value) and Rms (roughness mean 
square value). Based on the data obtained, calculations 
were made of the variation in surface roughness of the 
surfaces treated with the different irrigating solutions 
versus those not exposed to the irrigants.
-Statistical analysis of the results. Analysis of variance, 
(ANOVA) was carried out, but as the requirements were 
not met, use was made of the Kruskal-Wallis test for 
analysis of the results obtained. The presence of signifi-
cant differences between groups was evaluated using 
Tukey’s contrast tests (p ≤ 0.05).
Results
Table 1 shows the mean values of each parameter, to-
gether with the standard deviation, for the global sam-
ples analyzed and for each treatment group. 
The PV area values for the samples exposed to 5% 
sodium hypochlorite were smaller than in the case of 
the untreated samples (p=0.035), according to Tukey’s 
contrast tests. Treatment with 20% citric acid in turn 
yielded significantly greater mean values versus the un-
treated samples (p=0.006).
The Rms area values differed significantly according to 
the type of treatment used (p<0.0001). Based on Tukey’s 
contrast tests, treatment with 5% sodium hypochlorite 
yielded lower values than in the case of the untreated 
samples (p=0.004). 
The Ra area values likewise differed significantly ac-
cording to the type of treatment used (p<0.0001). In 
the absence of treatment, the mean value was found to 
be greater than in the 5% sodium hypochlorite group 
(p=0.004).
The PV profile measurements differed significantly ac-
cording to the type of treatment used (p=0.04). Tukey’s 
contrast tests revealed no differences in the measure-
ments obtained after exposure to 20% citric acid and 
5% sodium hypochlorite.
The Rms profiles measurements differed significantly 
according to the type of treatment used (p<0.0001). 
The values obtained after treatment with 5% sodium 
hypochlorite were lower than those recorded in the un-
treated group of samples (p=0.008). Differences were 
also seen with respect to the results obtained after treat-
ment with 20% citric acid (p=0.034).
The Ra profiles measurements likewise differed sig-
nificantly according to the type of treatment used 
(p<0.0001). Treatment with 5% sodium hypochlorite 
yielded lower values than in the case of the untreated 
samples (p=0.012). Differences were also seen with re-
spect to the results obtained after treatment with 20% 
citric acid (p=0.022) (Table 2).
Discussion
Several authors have studied modifications of MTA by 
irrigating solutions commonly used in endodontics. 
Yan et al. (12) evaluated the effects of 5.25% sodium 
hypochlorite, 2% chlorhexidine and EDTA–carbamide 
peroxide (Glide Prep) (Dentsply Maillefer, Ballaigues, 
Switzerland) upon MTA adhesion to dentin. No dif-
ferences were observed between sodium hypochlorite 
and chlorhexidine, though in the case of Glide Prep 
adhesion was significantly affected. Glide File Prep is 
a combination of 15 %EDTA and 10%Carbamide in a 
Without treatment 5% sodium hypochlorite 20% citric acid 10% citric acid 
17% EDTA (ethylene 
diamine tetraacetic 
acid)
Mean SD Mean SD Mean SD Mean SD Mean SD 
PV area 92.0711 4.54 77.6077 21.24 74.7611 26.75 91.8514 5.13 89.0069 3.78 
Rms area 4.6821 0.83 3.0089 1.24 5.7780 1.72 5.5713 2.08 3.9208 0.94 
Ra area 3.5333 0.69 2.2261 1.02 4.4533 1.37 4.2298 1.53 2.9602 0.77 
PV profile 21.0315 10.98 14.1619 10.52 24.7996 10.45 20.1402 13.05 17.5867 9.65 
Rms profile 3.8455 1.04 2.2397 1.10 5.2268 2.01 4.4866 1.94 3.2114 1.02 
Ra profile 3.0020 0.82 1.7343 0.98 4.1917 1.76 3.5192 1.42 2.5206 0.83 
Table 1. Mean and standard deviation(SD) values of each of the study measures, for the global samples analyzed and for each treatment group. 
PV (maximum roughness depth), Ra (mean roughness value) and Rms (roughness mean square value).
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PV area Rms area Ra area Rms profile Raprofile
5% sodium hypochlorite p=0.035 p=0.004 p=0.004 p=0.008 p=0.012
20% citric acid p=0.006 ns ns p=0.034 p=0.022
10% citric acid ns ns ns ns ns
17% EDTA (ethylene diamine 
tetraacetic acid) ns ns ns ns ns
Table 2. Significance level (p value) in the comparation of PV area, Rms area, Ra area. Rms profile and Ra profile between 
the samples with irrigant and the untreated samples (Tukey’s contrast). PV (maximum roughness depth), Ra (mean rough-
ness value) and Rms (roughness mean square value).
water-soluble base. The acidic environment had an ad-
verse effect on MTA-dentin bond strengths. 
The influence of different irrigation protocols upon 
filtration after furcal repair with MTA and zinc ox-
ide eugenol cement modified with ethoxybenzoic acid 
(Super-EBA). The study groups comprised 5.25% so-
dium hypochlorite, 5.25% sodium hypochlorite with 
EDTA, 5.25% sodium hypochlorite with doxycycline–
citric acid-detergent mixture (Biopure MTAD), and a 
non-irrigated group. EDTA and Biopure MTAD were 
seen to reduce the sealing effect of MTA and Super 
EBA(13,14).
Smith et al. (11) also examined the surface characteris-
tics of white MTA in response to exposure to different 
irrigating solutions used: 1.3% sodium hypochlorite, 
17% EDTA and Biopure MTAD (Dentsply Tulsa) in so-
lution and evaluated calcium depletion. The exposure 
times were 1,3 and 5 minutes. The material exerting the 
greatest effect upon the MTA surface was found to be 
Biopure MTAD. The effect of Biopure MTAD ( pH=2) 
on the surface corrosion and dissolution of MTA would 
be related to our results with 20% citric acid.
One of the effects of irrigants in dentin is that it removes 
the smear layer(14).
Yildirim et al. (15) conducted an in vitro study of the 
effect of the smear layer upon apical filtration in teeth 
filled with white MTA. The authors concluded that api-
cal filtration with MTA is less pronounced when the 
smear layer is present than when it is absent. 
These results are in agreement with investigations 
which found that removal of smear layer by EDTA pro-
motes an increase in dentinal permeability, which has a 
positive influence on microbial leakage (16).
Variations in the pH value, particularly because of 
bacterial-induced local metabolic acidosis or tissue in-
flammation, could possibly influence MTA physical and 
chemical properties (17).
It has been evaluated MTA microfiltration, using this 
material for apical filling exposed to a variety of acidic 
media during hydration. Significantly longer time was 
needed for filtration to occur in the samples stored at 
high pH values (18).
In another study, Saghiri et al. (19) evaluated the micro-
structure and surface hardness of WMTA (WMTA. 
Dentsply Tulsa) after exposure to a range of alkaline 
environments during hydration. The authors concluded 
that surface hardness and morphology can be influenced 
by different alkaline pH values. 
Also the bond strength and the sealing ability of WMTA 
might be affected by alkaline pH (20,21).This should be 
taken into account particularly when alkaline residues 
remain within the canal.
Namazikhah et al. (22) studied the effect of pH upon 
the surface hardness (as determined using the Vick-
ers test) and the microstructure of MTA (using scan-
ning electron microscopy).Final maximum hardness 
corresponded to the surface exposed to pH 7.4, and 
minimum hardness to pH 4.4 with statistically signif-
icant differences between the two groups. It showed 
the porosity tended to increase with more acidic solu-
tions. 
Regarding the roughness-diminishing action of 5% so-
dium hypochlorite, a possible explanation would be dis-
solution of the outermost surface layer in a way similar 
to the situation observed by Bodanezi et al. (23) on fully 
immersing MTA and Portland cement rings in an aque-
ous medium.
The similarity of MTA and Portland cement, these ef-
fects might happen to MTA as well.
Based on the methodology used and the results obtained 
in this study, it can be concluded that 5% sodium hy-
pochlorite applied for one minute through immersion 
significantly reduces the surface roughness of PC. In 
contrast, 20% citric acid applied in the same way sig-
nificantly increases roughness, while 10% citric acid so-
lution does so only slightly without reaching statistical 
significance. EDTA at a concentration of 17% does not 
modify the surface roughness of Portland cement. Thus, 
the PC surface is modified in different ways when us-
ing irrigating solutions commonly used in endodontics, 
depending on their chemical composition and concen-
tration. Further studies are needed to better evaluate the 
importance of the action of these irrigating solutions in 
the clinical setting.
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Introduction: To determine and compare the pH, conductivity and calcium release of an experimental Portland ce-
ment (PE) consisting of trioxid mineral aggregate and a comercially available modified Portland cement (C.P.M.)
after 1, 2, 3, 4, 8, 10, 15 and 30 days.
Material and Methods: Cements were mixed following the manufacturer’s instructions, with a powder: liquid ratio
of 3:1. Each cement was placed in 12 PVC tubes 1 mm in diameter and 10 mm in length and allowed to set. Four 
empty tubes were used as negative controls. Tubes were submerged in plastic flasks containing 10 ml deionized 
water and stored at 37ºC and 100% humidity. After 1, 2, 3, 4, 8, 10, 15 and 30 days tubes were removed from the
flasks and these were refilled with deionized water. We measured pH, conductivity and calcium content of the 
recovered solution. Data were analyzed using repeated measures ANOVA.
Results: pH was 0.3 units more alkaline with PE cement (p=0.023). pH experienced a slight decrease with time 
(p<0.001), independently of the cement type (p>0.05). Conductivity of PE and CPM cements diminished at 4
days and almost recovered at 30 days (p<0.001). PE cement had a higher conductivity (p<0.001). Calcium release 
diminished from the first day and recovered at 30 days (p<0.001) similarly for both cements (p>0.05).
Conclusions: PE cement raised pH slightly more and had higher conductivity than CPM. Calcium release dimin-
ished after the first day and recovered at 30 days, similarly for both cements.
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Introduction
Lee et al. (1) in 1993 described for the first time a new 
dental cement for use in variousclinical situations. The 
material was a composite or aggregate (conglomerate) or 
Mineral Trioxide Aggregate (MTA) of gray. After MTA 
was commercially available, other similar cements were 
launched. The behaviour in the biological environment 
or bio-compatibility and other desirable properties of 
the cements mentioned above and the new MTA-based 
cements, has been the object of on goingre search by 
many groups studying material properties and clinical 
endodontics.
Nowadays there are many reports on this material, al-
though uncertainties still persist. In terms of the pro-
portion of its components and the chemical nature and 
mechanism of their action, questions have also been 
raised, due to the complexity of its variations in the 
chemical composition, all of them apparently similar. 
Torabinejad et al. (2) described MTA as a fine gray 
powder of hydrophilic particles consisting of com-
pounds tricalcium silicate, tricalcium oxide, tricalcium 
aluminate and silicate oxide. Several subsequent studies 
have shown that MTA is similar to ordinary Portland 
cement used in construction. Recently other cements 
have appeared on the market such as the new MTA 
Angelus (Soluções Dentistry, Londrina, Brazil) or the 
MTA called Modified Portland Cement or C.P.M. (Egeo 
S.R.L.MTM, Buenos Aires,Argentina). The manufac-
turer of this latter MTA has also commercialized an 
MTA based endodontic sealer or root canal cement (En-
do-C.P.M.-Sealer). The mechanism of action of MTA is 
similar to that of calcium hydroxide (1). The antimicro-
bial activity is related to the release of hydroxyl ions, 
which increase the pH ofthe connective tissue and create 
an unfavorable environment for bacterial survival. On 
the other hand, the formation of a mineralized barrier is 
induced by the release of Ca 2+ ions into the surrounding 
tissue. MTA stimulates hard tissue formation and the 
startingmechanism seems to be the release of calcium 
ions into the tissues (3). These promising qualities of the 
MTA justify the need for further research on important 
parameters suchas changes in pH, conductivity and cal-
cium ion release. The study objectives were to compare 
the pH, conductivity and the ability to release calcium 
ions in saline solution of a commercially available MTA 
cement, Modified Portland Cement or C.P.M. and a new 
experimental material based in the formulation of Port-
land cement (CEMEX CEM II / B-P-32,5N (UNE-EN-
197-1.CE-0099; Sant Feliu de Llobregat, Spain) from 1 
day to 30 days.
Material and Methods
We compared a new experimental Portland (PE) cement 
(CEMEX CEM II / B-P-32,5N; UNE-EN-197-1.CE-
0099, Sant Feliu de Llobregat, Barcelona) with Modi-
fied Portland Cement C.P.M.® (CPM) (Egeo S.R.L. 
MTM, Buenos Aires, Argentina). PE Cement consists 
of a powder of tricalcium and dicalcium silicate, tri-
calcium aluminate and tetracalciuma lumino ferrite. 
We prepared twenty-four cement samples (12 PE and 
12CPM) by mixing 150 mg of cement with 50 ml of 
saline in a proportion 3:1, following the manufacturer’s 
instructions. We measured powder with a precision 
scale (Adventurer Ohaus; Ohaus Corp., Pine Brook, 
NJ, USA). We used a glass plate and aplastic spatula for 
mixing to avoid metal contamination. We placed each 
cement sample into a PVC tube 10 mm long and with a 
diameter of 1 mm.
We sealed PVC tubes and allowed them to set for 60 
minutes at 37ºC and 100% relative humidity, before 
submerging samples in 10 ml of deionized water, stored 
in a glassflask. After 24 hours, we carefully removed 
the tubes and placed them into another flask with the 
same amount of deionized water. This procedure was 
again repeated after 2, 3, 4, 8, 10, 15 and 30 days for 
each sample. Thus, 8 saline samples for each tube were 
recovered, which rendered a total of 96 saline solu-
tion samples for each cement. Four flasks containing 
PVC tubes without cement were processed as negative 
controls. We stored the negative controls in saline and 
recovered the saline solution only at day 1 and 30, to 
rule out any change of chemical properties of the saline 
solution not attributable to the cement. We placed the 
recovered fluid in plastic flasks for pH and conducti-
vity measurements. We measured conductivity and pH 
with the pH testing device Hanna hi 9811-5 (Eutech in-
struments, Santiago de Chile, Chile). We repeated each 
measurement 8 times and used the mean value of the 
8 measurements. Conductivity was expressed in μS/
cm. The detection of calcium ions followed a standard 
protocol. We shaked the flasks before measurement. We 
added 15 μl (a 1% of the total volume) of 69 % nitric acid 
(HNO3) to each tube using an automated pipette, in order 
to stabilize the samples. We stored the tubes in a refrig-
erator before analysis. We detected calcium ions using in-
ductively coupled plasma optical emission spectrometry 
(ICP-OES) (Spectrometer Perkin-Elmer, Optima 3200-
RL; Buenos Aires; Argentina). Values were also the 
mean of 8 measurements. The results were expressed in 
ppm. We used SPSS 15.0 for Windows for data analysis 
(SPSS Inc; Chicago; IL; USA). The statistical test was a 
repeated measures ANOVA. The within-subject variable 
was timeand the between-subject variable was the ce-
ment. We chose the Greenhouse-Geissercorrection of the 
degrees of freedom if the Mauchly test ruled out spheric-
ity. Differences were considered significant if p<0.05.
Results
Fluid pH was markedly alcaline, with PE cement be-
ing 0.3 pH units (95 % CI of thedifference: 0.04 to 0.54 
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pH units) more alkaline than CPM cement (F=5.953; 
df=1;=0.023). pH significantly changed across time 
(F=7.199; df=7; p=1.88•10-7) but this change was simi-
lar for both cements (F=1.157; df=7; p=0.331) (Fig. 1).
Fluid conductivity was 7.60 μS/cm higher (95 % CI of 
the difference: 4.21 to 11.0 μS/cm) in PE cement samples 
(F=21.623; df=1; p=0.0001). Conductivity significantly-
changed across time (F=51.723; df=3.058; p=1.32•10-
17), experiencing a markedreduction in the first days 
and then a slight increase at 1 month. This differences 
acrosstime were similar for both cements (F=1.665; 
df=3.058; p=0.182) (Fig. 2).
Both cements released calcium to the water solution, 
but there were no differencesbetween them (F=0.716; 
df=1; p=0.407). Calcium release significantly changed 
acrosstime (F=33.770, df=3.392; p=8.40•10-15). Re-
lease decreased up to day 5 and then slightly recover 
at 1 month, with a peak on day 8. Differences in cal-
cium release across time were similar for both cements 
(F=1.265; df=3.392; p=0.292) (Fig. 3).
Fig. 1. Comparison between PE and C.P.M. of obtained values of pH 
as a function of  immersion time.
Fig. 2. Comparison between PE and C.P.M. of obtained values of 
electrical conductivity as a function of immersion time.
Fig. 3. Comparison between PE and C.P.M. of obtained values of 
Ca2+ release as a function of immersion time.
Discussion
There are many published reports regarding the chemi-
cal, physical, and antibacterial properties of MTA (4). 
Our search showed that MTA is composed of calcium, 
silica, and bismuth.
The patented material is authorized as Portland cement 
Type I by the American Standards for Testing Materials 
(ASTM) with a 4:1 ratio of added oxide bismuth to add
radio-opacity to the material. This cement in contact 
with osseous tissue is supposed to transfer calcium ions 
to surrounding tissues, a theorically beneficial clinical 
action. Similarly to MTA, PE cement, as a result of hy-
dration, results in calcium hydroxide surrounding dical-
cium and tricalcium silicates. In the initial hours, when 
the cement powder is mixed with water, the resulting 
calcium hydroxide dissociates in aqueous calcium and 
hydroxyl ions. This increases both the pH and concen-
tration of calcium. Camilleri (5) in their study on the 
hydration mechanism of MTA reported on the ability 
of processing the material with water and the forma-
tion of new elements, comparing them with those of 
Portland cement. The conclusion was that the micro-
structure of hydrated MTA is probably more stable 
than Portland cement. This report suggested that bis-
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muth could affect the hydration mechanism of MTA 
and therefore precipitation toform calcium hydroxide. 
A similar metho-dology to ours was already used by 
Santos et al. (6) to evaluate the release of calcium ions 
from MTA-Angelus® and a new experimental cement. 
Both material and time interacted to influence the pH, 
and also the release of calcium and conductivity. There 
was also a high correlation between pH, conductivity 
and calcium regardless of the type of cement, as our 
data suggest. Besides, the present study adds a meas-
urement after 30 days. Other authors (7) have compared 
ProRoot® and MTA Angelus® and concluded that dif-
ferences in pH and calcium ion release do not change 
substantially with time. However, inmmersion rates in 
this study is considerably shorter (maximum 3 days). 
Information on the one-month pH, conductivity and cal-
cium release seem to be relevant for the assessment of 
the performance of Portland-based cements. To evalu-
ate the radiopacity (8) setting time, pH level, calcium 
ion release and solubili-ty of white mineral trioxide 
aggregate (MTA; Angelus, Londrina, Pr, Brazil) with 
different powder-to-water ratios. Three MTA groups 
were prepared using 4:1, 3:1 and 2:1 powder-to-water 
ratios. For the radiopacity ana-lysis, the 10×1mm speci-
mens were arranged on occlusal films with a cylinder of 
dentine and an aluminium stepwedge. The digitized ra-
diographs were evaluated with Digora 1.51 software to 
determine the radiographic density. Thirty acrylic teeth 
with root-end filling material were immersed in ultra 
pure water for measurement of pH level and calcium 
ion release (atomic absorption spectrophotometer) at 3, 
24, 72 and 168 h. In the solubility test, the root-end fill-
ings of 30 acrylic teeth were scanned twice by a Micro-
CT, before and after immersion in ultra pure water for 
168h. Digital data were reconstructed, and the volume 
(mm3) of the samples was obtained using CTan software 
(CTan v1.11.10.0, SkyScan). The radiopacity was higher 
(P<0.05) when the 4:1 proportion was utilized. The set-
ting time was longer, and the pH level and calcium ion 
release were higher (P<0.05) with a greater volume of 
water. The group with more water (2:1) had significantly 
(P<0.05) more material volume loss (6,46%) compared 
with the other groups. The ratio of powder/water sig-
nificantly interfered with the physical and chemical 
properties of white MTA Angelus. The influence (9) of 
additives on several physical and chemical properties of 
a novel endodontic cement based on calcium aluminate 
in comparison with mineral trioxide aggregate (MTA) 
to evaluate. The calcium aluminate cement without ad-
ditives had a setting time of approximately 60 min, and 
when combined with Li2CO3 it decreased to 10 min. 
The material also released Ca2+ ions and alkalinized the 
medium. The novel cement set more rapidly, had bet-
ter fluidity, improved handling properties, higher me-
chanical strength, and reduced porosity with lower pore 
size compared to Gray-MTA Angelus. The purpose of 
study (10) was to evaluate the hydrogenionic potential 
and electrical conductivity of Portland cements and 
MTA, as well as the amount of arsenic and calcium re-
leased from these materials. In Teflon molds, samples of 
each material were agitated and added to plastic flasks 
containing distilled water for 3, 24, 72 and 168 h. The 
electrical conductivity of the cements were not statisti-
cally different (p>0.05). White non-structural cement 
Amta-BIO released the largest amount of calcium ions 
into solution (p<0.05), while arsenic release was in-
significant in all of the materials (p>0.05). The results 
indicated that the physico-chemical properties of Port-
land cements and MTA were similar. Further more, all 
materials produced an alkaline environment and can be 
considered safe for clinical use because arsenic was not 
released. The electrical conductivity and the amount of 
calcium ions released into solution increased over time. 
The effect of storage pH on solubility (11) of white min-
eral trioxide aggregate (WMTA), bioaggregate (BA), 
and nano WMTA cements. Forty-eight moulds ran-
domlyal located in to three groups of pH 4.4 (group A), 
7.4 (group B), and 10.4 (group C); and one empty as 
control in each group. Each group was further divided 
in to three subgroups according to the material stud-
ied; WMTA, BA, and nano WMTA. The specimens in 
subgroup A were soaked in but yric acid buffered with 
synthetic tissue fluid (STF) (pH 4.4), while the samples 
in subgroups B (pH 7.4) and C (pH 10.4) buffered in po-
tassium hydroxide for 24 h and then the loss of cement 
was determined. Acidic environments can significantly 
increase the cement loss of all three types of tested ma-
terials. However, these cements showed the minimal 
solubility in alkaline pH values. Nano WMTA showed 
the lowest cement loss in comparison with WMTA and 
BA, especially in low pH value. This issue can suggest 
nano WMTA to be applied in acidic environments such 
as preapical inflammation.
Conclusions
Both cements raised the pH of saline solution, although 
pH decreased with time. Bothcements raise the conduc-
tivity of saline solution on the first day, which then de-
creased.
However, pH and conductivity was slightly higher in sa-
line containing PE than in saline with C.P.M.
The calcium release of the PE cement was similar to that 
of C.P.M. After 30 days the calcium ion release by PE 
was greater than C.P.M. Both cements still released cal-
cium ions after 30 days of storage in a saline solution.
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